91222R02 
VOLUME  II 
2ND  COPY 


Interim  Response  Action 
Basin  F  Liquid  Incineration  Project 

FINAL  DRAFT 

HUMAN  HEALTH 
RISK  ASSESSMENT 

(APPENDIX  TO  VOLUME  I) 


Volume  II 


Preplaced  Remedial  Action  Contract 
Contract  No.  DACW-45-90-D-0015 


19960917  014 


U.S.  Army  Corps 
of  Engineers 
Omaha  District 


July  1991 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


Public  reporting  burden  for  this  collection  of  information  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  tor  Information  Operations  and  Reports,  1215  Jefferson 
Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget.  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 

1.  AGENCY  USE  ONLY  (Leave  blank)  I  2.  REPORT  DATE  3.  REPORT  TYPE  AND  OATES  COVERED 

07/00/91 

4.  TITLE  AND  SUBTITLE  5.  FUNDING  NUMBERS 

INTERIM  RESPONSE  ACTION,  BASIN  F  LIQUID  INCINERATION  PROJECT,  HUMAN  HEALTH 

RISK  ASSESSMENT,  FINAL  DRAFT 


6.  AUTHOR(S)  DACg45  9Q  Q  0015 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES)  8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

ROY  F.  WESTON,  INC. 

LAKEWOOD,  CO 

91222R02 


9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES)  10.  SPONSORING / MONITORING 

AGENCY  REPORT  NUMBER 

ARMY  CORPS  OF  ENGINEERS.  OMAHA  DISTRICT 
OMAHA,  NE 

11.  SUPPLEMENTARY  NOTES 


12a.  DISTRIBUTION /AVAILABILITY  STATEMENT  I  12b.  DISTRIBUTION  CODE 


APPROVED  FOR  PUBLIC  RELEASE;  DISTRIBUTION  IS  UNLIMITED 


13.  ABSTRACT  (Maximum  200  words) 

THIS  DOCUMENT  IS  A  COMPREHENSIVE,  MULTIPLE  EXPOSURE  PATHWAY,  HUMAN  HEALTH 
RISK  ASSESSMENT  PREPARED  FOR  THE  PROPOSED  BASIN  F  LIQUID  INCINERATION  PROJECT. 
THE  SUBMERGED  QUENCH  INCINERATOR  WILL  TREAT  BASIN  F  LIQUID  AND  HYDRAZINE  RINSE 
WATER.  THE  OBJECTIVE  OF  THE  RISK  ASSESSMENT  IS  TO  ESTABLISH  CHEMICAL  EMISSION 
LIMITS  WHICH  ARE  PROTECTIVE  OF  HUMAN  HEALTH.  AVERAGE  AND  MAXIMUM  LIFETIME  DAILY 
INTAKES  WERE  CALCULATED  FOR  ADULTS,  CHILDREN,  AND  INFANTS  IN  FOUR  MAXIMUM 
EXPOSURE  SCENARIOS  UNDER  BASE  CASE  AND  SENSITIVITY  CASE  EMISSIONS  CONDITION.  IT 
WAS  CONCLUDED  THAT  THE  INCINERATION  FACILITY  POSES  NEITHER  CARCINOGENIC  NOR 
NONCARCINOGENIC  RISK  TO  ANY  SENSITIVE  POPULATION. 

THE  ASSESSMENT  IS  DIVIDED  INTO  THE  FOLLOWING  SECTIONS: 

1.  INCINERATION  FACILITY  DESCRIPTION 

2.  DESCRIPTION  OF  SURROUNDING  AREA 

3.  PROCESS  OF  POLLUTANT  IDENTIFICATION  AND  SELECTION 

4.  DETERMINATION  OF  EMISSION  RATES  FROM  INCINERATION  FACILITY 


14.  SUBJECT  TERMS  15.  NUMBER  OF  PAGES 

SQI ,  EMISSION  RATES,  AIR  QUALITY,  TOXICITY  ASSESSMENT,  IRA  F  _ . 

16.  PRICE  CODE 

17.  SECURITY  CLASSIFICATION  I  18.  SECURITY  CLASSIFICATION  I  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OFABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 


|  UNCLASSIFIED 

NSN  7540-01-280-5500 


Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 
298-102 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE 
COPY  FURNISHED  TO  DTIC 
CONTAINED  A  SIGNIFICANT 
NUMBER  OF  PAGES  WHICH  DO 
NOT  REPRODUCE  LEGIBLY. 


91222R02 
VOLUME  II 
2ND  COPY 


PROGRAM  MANAGER  FOR 
ROCKY  MOUNTAIN  ARSENAL 
COMMERCE  CITY,  COLORADO 

INTERIM  RESPONSE  ACTION 
BASIN  F  LIQUID  INCINERATION  PROJECT 


APPENDICES  TO  FINAL  DRAFT 
HUMAN  HEALTH 
RISK  ASSESSMENT 

VOLUME  II 


Preplaced  Remedial  Action  Contract  (PRAC) 
Contract  No.  DACW-45-90-D-0015 


Delivery  Order  No.  5001 
Document  Control  No.:  3886-44-01-ABTD 


U.S.  Army  Corps  of  Engineers 
Omaha  District 
Omaha,  NE 


Prepared  by: 


Roy  F.  Weston,  Inc. 

1  Weston  Way 
West  Chester,  PA  19380 


810CA/FM 


7/22/91 


LIST  OF  APPENDICES 


ppendices  Title  Page 

3A  Data  On  Designated  Fishing  Areas 

5 A  Derivation  of  Emission  Rates  for  Dioxins/Furans  and 

the  Inorganics 

5B  Estimate  of  Organic  Mass  Emission  Rates  From  Incineration 

of  Basin  F  Liquids 

6A  Ambient  Air  Quality  Modeling  and  Health  Risk  Assessment 

Protocols,  Rocky  Mountain  Arsenal  Basin  "F"  Liquid 
Incineration  System  Design 

7A  Derivation  of  Surface  Water  Pollutant  Concentrations  for 

Engineers  Lake,  Tier  1  and  2  Analysis 

8A  Derivation  of  Soil  Pollutant  Concentrations 

8B  Methodology  for  Calculating  Pollutant  Concentrations  in 

Vegetables 

8C  Methodology  for  Determining  Pollutant  Uptake  Through  Milk 

and  Beef  Consumption 

8D  Calculation  of  the  Estimated  Daily  Intake  for  the  Soil/Dust 

Ingestion  Route  of  Exposure 

8E  Calculation  of  the  Estimated  Daily  Intake  for  the  Fish 

Ingestion  Route  of  Exposure 

8F  Calculation  of  the  Estimated  Daily  Intake  for  the  Dermal 

Absorption  Route  of  Exposure 

8G  Methodology  for  Calculating  Organic  Pollutant  Concentrations 

in  Mother’s  Milk 

8H  Carcinogenic  Risk  for  Individuals  Under  all  Scenarios 

9A  Derivation  of  Selected  Oral  Reference  Doses  (RfDs) 


810CA/FM 


m 


7/22/91 


LIST  OF  APPENDICES 
(continued) 


Appendices 


Title 


Page 


9B  Derivation  of  Selected  Inhalation  Reference  Doses  (RfDs) 

12A  Cited  References 


810CA/FM 


IV 


7/22/91 


APPENDIX  3A 


DATA  ON  DESIGNATED  FISHING  AREAS 


531C/S3 


1/18/91 


STATE  OF  COLORADO 

Roy  Romer,  Governor 

DEPARTMENT  OF  NATURAL  RESOURCES 

DIVISION  OF  WILDLIFE 

AN  EQUAL  OPPORTUNITY  EMPLOYER 

Perry  D.  Olson.  Director 
6060  Broadway 
Denver,  Colorado  80216 
Telephone:  (303)  297*1192 

October  3,  1990 

Nathan  Mottl 
Roy  F.  Weston  Inc. 

1  Weston  Way  Bldg.  51 
West  Chester,  PA  19380 

Dear  Mr.  Mottl: 

In  response  to  your  telephone  request, 
information: 


REFER  TO: 


I  am  providing  the  following 


Within  a  5  km  radius  of  the  center  of  the  Rocky  Mountain  Arsenal  we  are  only 
aware  of  the  ponds  on  the  Arsenal  as  being  open  to  public  (although  limited) 
fishing. 


Within  a  5-10  km  radius,  we  have  identified  7  ponds  which  are  open  to  public 
fishing,  four  of  which  are  at  the  same  site.  Here  are  the  names  and  locations 
of  the  ponds: 


Clear  Creek  Pond 
Engineer's  Lake 
Rotella  Park  Pond 
Grandview  Ponds  1-4 


Adams  County 
Adams  County 
Adams  County 
Adams  County 


T3S,  R68W,  S2 
T2S,  R68W,  S36 
T2S,  R68W,  S35 
T2S,  R67W,  S18 


«c 


Here  is  a  summary  of  recent  fish  stocking  information: 

Clear  Creek  Pond  -  not  stocked,  but  fish  are  present  and  fishing  takes  place 
Engineer's  Lake 

1985:  Stocked  with  1100  4"  Channel  Catfish 

1987:  Stocked  with  800  4"  Largemouth  Bass  and  1500  6"  Channel  Catfish 
Rotella  Park  Pond 

1985:  Stocked  with  100  7"  Bluegills 
Grandview  Pond  #1 

1988:  Stocked  with  20  15”  Hybrid  Grass  Carp  and  100  7"  Largemouth  Bass 
Grandview  Pond  #2 

1988:  Stocked  with  40  12”  Hybrid  Grass  Carp  and  200  7”  Largemouth  Bass 

(continued) 


DEPARTMENT  OF  NATURAL  RESOURCES,  Hamlet  J.  Barry,  Executive  Director 
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Grandview  Pond  #3 

1988:  Stocked  with  10  12"  Hybrid  Grass  Garp  and  100  7”  Largemouth  Bass 
Grandview  Pond  #4 

1988:  Stocked  with  20  12"  Hybrid  Grass  Carp  and  100  7”  Largemouth  Bass 

The  attached  map  shows  the  location  of  all  4  areas  and  provides  some 
additional  data  -  I  have  drawn  in  Grandview  Ponds  on  it. 

Let  me  know  if  you  have  any  questions. 

Sincerely, 


Dave  Weber 
Habitat  Biologist 

cc:  Jim  Satterfield,  Pat  Tucker 


3  A- 2 


bass,  ydlow  perch,  and  rainbow  trout  (catchable  size  stocked). 
Agency:  Adams  County  Parks  &  Recreation. 

Comments:  Open  5  a.m.  to  1 1  p.m.  No  boats.  Fishing  pier  on  the 
south  shore.  Playground  and  restrooms.  Extreme  water  level  fluc¬ 
tuation.  Hard  surface  foot  trail. 


Butts  Park  Pond 

Location:  Northwest  of  the  intersection  of  W.  94th  Ave.  and 
Perry  Street.  Parking  area  is  off  of  Perry  Street  just  south  of  96th 
Ave.  or  off  of  94th  Ave.  next  to  the  ice  rink. 

Size:  3  acres;  5  feet  maximum  depth. 

Fish:  BhiegUl,  bullhead,  channel  catfish,  crappie,  green  sunfish, 
sucker,  and  ydlow  perch. 

Agency:  Hyland  Hills  Recreation  &  Park  District. 

Comments:  Open  daylight  hours.  No  boats.  Recreation  Center 
and  playground. 


Standley  Lake 

Location:  W.  88th  Ave.  and  Kipling  Street .  Parking  area  is  off  of 
Kipling.  Access  also  on  the  west  side  of  the  lake  via  Alkire  Street  at 
87th  Ave. 


Size:  1,210  acres;  80  feet  maximum  depth. 


Fish:  Bluegill,  carp,  channel  catfish,  green  sunfish,  largemouth 
bass,  smallmouth  bass,  sucker,  walleye,  yellow  perch,  and  rain¬ 
bow  trout  (catchable  size  stocked). 

Agency:  South  and  southwest  shore,  Jefferson  County  Open 
Space.  Remaining  shore  and  lake  itself,  City  of  Westminster  Parks 
&  Recreation. 


Comments:  Open  5  a.m.  to  11  p.m.  for  walk-in  visitors.  Open  8 
a.m.  to  7  p.m.  for  vehicles  and  boats.  All  boats  need  Westminster 
boat  permit.  Fee  area  for  vehicles  at  Kipling  &  W.  88th  Ave.  Walk- 
in  fishing  is  free.  Extreme  water  level  fluctuation.  Ttoo  boat  ramps 
on  east  shore.  No  fishing  from  dam. 

MAY  BE  CLOSED  DUE  TO  INSURANCE  PROBLEMS: 
CONTACT  MANAGING  AGENCY. 


Pomona  Lake, 

Location:  In  Meadow  Glen  Park.  North  of  W.  80th  Ave.  and 
one-quarter  mile  west  of  Wadsworth  Blvd.  Main  parking  area  can 
be  reached  via  80th  Ave.  by  going  north  on  Club  Crest  Drive,  and 
then  east  on  W.  81st  Place. 

Size:  31  acres;  8  feet  maximum  depth. 

Fish:  Largemouth  bass,  yellow  perch,  bullhead,  channel  catfish, 
crappie,  and  green  sunfish. 

Agency:  North  Jeffco  Parks  &  Recreation. 

Comments:  Open  dawn  to  11  p.m.  No  boats.  Hard  surface  foot 
trail. 


9  Lake  Arbor 

Location:  North  of  W.  80th  Ave.  between  Wadsworth  Blvd.  and 
Sheridan  Blvd.  Both  the  north  and  south  shores  of  the  lake  can  be 
reached  via  80th  Ave.  To  reach  the  south  shore,  take  80th  Ave.  to 
Lamar  Street.  Go  north  on  Lamar  to  80th  Place.  Take  80th  Place 
east  to  the  cul-de-sac.  To  reach  the  north  shore  take  Lamar  Street 
north  past  80th  Place  on  to  Pomona  Drive.  Go  east  on  Pomona 
around  the  north  end  of  the  lake  to  the  parking  area. 

Size:  37  acres,  19  feet  maximum  depth. 

Fish:  Bluegill,  bullhead,  carp,  channel  catfish,  crappie,  green 
sunfish,  largemouth  bass,  pumpkinseed  sunfish,  and  sucker. 
Grass  carp  stocked  to  control  aquatic  plants. 

Agency:  North  Jeffco  Recreation  &  Park  District  and  City  of 
Arvada. 

Comments:  Open  dawn  to  11  p.m.  Non-motorized  boats  only. 
Fishing  piers  located  on  the  north  shore.  Artificial  fish  habitat 
structures  in  lake.  Playground.  Hard  surface  foot  trail. 


Q|  Faversham  Park  Pond 

Location:  Sheridan  and  72nd  Ave. 
Size:  6  acres;  11  feet  maximum  depth. 
Fish:  Bluegill. 
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Agency:  City  of  Westminster  Parks  &  Recreation. 

Comments:  Open  sunrise  to  11  p.m.  No  boats.  No  wading  or 
swimming.  Kids  15  years  old  and  under. 

EfS  Camenisch  Park  Pond 

Location:  West  of  Pecos  Street,  south  of  W.  90th  Ave.  at  Fon¬ 
taine  Street.  Parking  area  south  of  90th  Ave. 

Size:  3  acres;  10  feet  maximum  depth. 

Fish:  Largemouth  bass,  pumpkinseed  sun  fish,  sucker,  bluegill, 
bullhead,  channel  catfish,  crappie,  and  green  sunfish.  I 

Agency:  Hyland  Hills  Recreation  &  Park  District. 

Comments:  Open  dawn  to  10  p.m.  No  boats.  Playground  and 
restrooms.  Hard  surface  foot  trail. 

R  Bell  Roth  Park  Pond 

Location:  On  the  east  side  of  Pecos  Street,  2  blocks  north  of  W. 
84th  Ave. 

Size:  3  acres;  8  feet  maximum  depth. 

Fish:  Channel  catfish,  crappie,  green  sunfish,  sucker,  yellow 
perch,  bluegill,  bullhead,  and  carp. 

Agency:  Hyland  Hills  Recreation  &  Park  District. 

Comments:  Open  dawn  to  10  p.m.  No  boats.  Playground. 

RSI  Kiwanis  Park  Pond 

Location:  W.  80th  Ave.  east  of  Zuni  Street.  Parking  area  south 
of  80th  Ave. 

Size:  3  acres;  2  feet  maximum  depth. 

Fish:  Bullhead  and  green  sunfish. 

Agency:  Hyland  Hills  Recreation  &  Park  District. 

Comments:  Ooen  dawn  to  half  hour  after  sunset.  No  boats. 

13  Rotella  Park  Pond  , 

iibwhuiii  . .  jc.  /out  ™e.  between  N.  Washington  Street 

and  N.  York  Street.  Parking  north  of  78th  Ave.  or  south  of  Coro¬ 
nado  Drive  So. 

Size:  3  acres;  10  feet  maximum  depth. 

Fish:  Bluegill,  bullhead,  channel  catfish,  largemouth  bass,  and 
pumpkinseed  sunfish. 

Agency:  Adams  County  Parks. 

Comments:  Open  7  a.m.  to  11  p.m.  No  boats.  Extreme  water 
level  fluctuation.  Playground  and  restrooms.  Hard  surface  foot 
trail. 


14  Engineers  Lake 


Location:  From  1-76  go  to  Hwy  224.  Travel  west  on  224.  Parking 
area  is  south  of 224,  just  west  of  the  South  Platte  River.  The  lake  is 


at  the  confluence  of  Clear  Creek  and  the  South  Platte  River.  Hard 
surface  foot  trail  across  the  river. 

Size:  11  acres;  25  feet  maximum  depth. 

Fish:  Bullhead 

Agency:  Adams  County  Parks  &  Recreation. 

Comments:  Open  7  a.m.  to  11  p.m.  No  boats.  Walk-in  trail  and 
ittfTbshnrrlinr  Picnic  shelter. 

15  Clear  Creek  Pond  ^ 

south  of  Hwy  224  between  Washington  Street  and 
York  Street.  Parking  area  is  south  of  Hwy  224,  and  east  of 
Washington  Street. 

Size:  3  acres;  9  feet  maximum  depth. 

Fish:  Bluegill,  bullhead,  carp,  channel  catfish,  crappie,  green 
sunfish,  largemouth  bass,  pumpkinseed  sunfish,  and  yellow 
perch. 

Agency:  Adams  County  Parks  &  Recreation. 

Comments:  Open  7  a.m.  to  11  p.m.  No  boats.  Hard  surface  trail 
along  south  side  of  pond. 

Hfl  Twin  Lakes  Park  Ponds 

Location:  Just  west  of  Broadway  on  70th  /  ve.  Marking  area 
south  from  70th  Ave. 

Size:  2  ponds;  7  acres  total;  16  feet  maximum  depth. 

Fish:  Bullhead,  carp,  channel  catfish,  crappie,  green  sunfish, 
largemouth  bass,  sucker,  and  yellow  perch. 

Agency:  Adams  County  Parks. 

Comments:  Open  7  a.m.  to  1 1  p.m.  No  boats.  Hard  surface  foot 
trail,  which  connects  with  Clear  Creek  Trail. 

Rj  Arvada  Reservoir  (not  shown  on  map) 

Location:  Between  Highway  93  and  Indiana  on  W.  66th  Ave. 
Size:  180  acres;  77  feet  maximum  depth. 

Fish:  Rainbow  trout,  walleye,  largemouth  bass,  smallmouth 
bass,  yellow  perch. 

Agency:  City  of  Arvada 

Comments:  City  of  Arvada  permit  required;  available  only  at 
Arvada  City  Hall.  No  ice  fishing.  Non-motorized  boats  only. 
Open  dawn  to  dusk.  Special  regulations  apply. 

H9  Carl  Park  Pond 

Location:  West  of  Federal  Blvd.,  on  W.  54th  Ave.  at  Meade 
Street.  Parking  area  north  of  54th  Ave. 

Size:  4  acres;  8  feet  maximum  depth. 

Fish:  Largemouth  bass,  bluegill,  and  bullhead. 

Agency:  Hyland  Hills  Recreation  &  Park  District. 

Comments:  Open  dawn  to  10  p.m.  No  boats. 

01  Birdland  Lake 

Location:  W.  51st  Ave.  and  Garrison  Street.  Parking  area  west  of 
Garrison  at  south  end  of  the  lake. 

Size:  3  acres;  10  feet  maximum  depth. 

Fish:  Bluegill,  channel  catfish,  green  sunfish,  largemouth  bass, 
pumpkinseed  sunfish,  and  yellow  perch. 

Agency:  North  Jeffco  Recreation  &  Park  District. 

Comments:  Open  dawn  to  11  p.m.  Non-motorized  boats  only. 
No  ice  fishing.  Playground  and  hard  surface  foot  trail. 

Ward  Road  Pond 

Location:  Northeast  of  the  intersection  of  1-70  and  Ward  Road. 
Parking  area  east  of  Ward  Road  and  south  of  W.  48th  Ave. 

Size:  7  acres;  30  feet  maximum  depth. 

Fish:  Largemouth  bass,  pumpkinseed,  bluegill,  bullhead, 
crappie,  and  green  sunfish. 

Agency:  City  of  Arvada  and  Division  of  Wildlife. 

Comments:  Non-motorized  boats  only.  Belly-boats  allowed. 
Pond  open  for  fishing  only.  Good  bass  fishing.  Restrooms. 

Special  Regulations:  1 .  Fishing  by  artificial  flies  or  artificial  lures 
only;  2.  All  fish  caught  must  be  returned  to  the  water  immediately. 


New  Ponds  Not  Yet  In  Guide 


Lowell  Ponds  -  Adams  County-  At  Lowell  Street  and  56th  Way 

Size:  3  ponds  -  11  acres,  2  acres,  2  acres  ♦  Sheets  Lake,  5  acres  leased 
from  City  of  Westminster.  Maximim  Depth  -10  feet.  ~  v.  ;  .. 

"  Fish:  .Largemouth  and 'smal lmouth  bass,  channel  catfish,  bluegillV'./<-  ■' 
crappie  and' bullhead. '  "•  -  *  •'  ■  f  ' 

Agency:  ''Colorado  Division .  of  Wildlife 
Comments :  Belly  boats  allowed  for  fishing. 


Comments :  Belly  boats  allowed  for  fishing,  except  on  ShOets  'Lake^pf^ 
Special  Regulation:  All  largemouth  and  smallmouth  bass  possessed  must 
be  15  inches  or.  longer.  '  ~ 

iketner  take  -  Jefferson  County  7  Off  of  iOOttt'^va?. 

40  Size:  25  acres  :  ,V 

f : Agency: ; ' •  City  of : Westmins^f|^^;;fe!t^:^  - 

Fish:  largemouth  bass,  crappie,  bluegill,  green  sunfish,  yellow  perch 
and  bullhead  •  :-f:  .’ '•••>•.•.'  •  -r":"  "i: 

Comments:  Belly  boats  allowed  for  fishing  but  no  other  types  of  boats. 
Ice  fishing  is  prohibited.  Special  Regulation:  All  largemouth  &  smallmou  '• 
bass  possessed  must  be  15  inches  or  longer. 

•.  ■  ;  •  V  • 

Grandview  Ponds  I  Adams  County  -  Off  of  104th  and  Riverdale  Road 
^  t-ponds  -  10  acres  total 

Agency:  Colorado  Division  of 

Fish:  Largemouth  bass,  bluegill,  channel  catf ishl rcrapppie  £  ;-b^ 
green  sunfish  and  yellow  perch 4  v  ^  ^ 

^ '“‘■"f:  ’  Special  Regulation:  All  largemouth  and  smallmputh  lassjFossesdjw^mi^^p 
iHs^he  15  'indies  or  longer,  '  -  v  ■: 


Adams  County  Fairgrounds  Lake  (Public  Works  Lake)  -  Adsiss ..^Coi^ty  -?)6f f  of  /if|l§| 
124th  at  Adams  County  Fairgrounds.  }#^  ""’"  W 

Sizer  •  20  acres 

Agency:  Adams  County  Parks  and  Recreation  "• 

Fish:  Largemouth  bass,  blurgill,  channel  catfish,  cre^opie  and 
perch.  ■ .  ■  . .....  ,.vr '.  •  • 

Special  ^Regulation:  All  largemouth  and  smallmouth  bass  possessed  must  f 
be  15  inches  or  longer.  - 


Cottonwood  Park  Lake  -  Page  9  -  No  boating  is  allowed. 

Kendrick  Reservoir  -  Page  9  -  No  boating  is  allowed 

Quincy  Reservoir  -  Page  12  -  Boat  rental  available 

Own  boat  allowed  with  Aurora  permit  -  Non-motor i zed  boats  only 

Kaneka  Lake  -  Page  14  -  Boat  rental  now  available 


Bear  Creek  Reservoir  -  987-7880 
Chatfield  Reservoir  -  791-7275 
Foothills  Parks  k  Recreation  -  987-3602 


3  A- 5 


Webster  Lake  -  Page  4  -  Agency;  •  City;  of  Northglenn  f  1' 

Main  Reservoir  -  Page  9  -  Agency:  Lakewood  Department  of  Community.  Resources 
East  Reservoir  -  Page  9  -Agency: »  iaijjgHabdj^  Connmity  Resources 

Smith  Reservoir  -  Page.  9  ir  Agency:  *'*ciakewood' De^  of  Conmunity  Resources 

Kendrick '  Reservoir  -  Page  9  -  Agency:  Foothills  iBarks  4  Recreation  1 
Teller  Lake  -  Page  14  -  Agency:  i  City of  Boulder  ^peri ; Space 

'^^r'FISH  SPECIES  ADDITIONS  T  ,,.  ,....,v:;;^  ii;* 

Sarr  IaIw  •-  Pure  4  -  ••'  •  ’■  •.' 


Barr  Lake  Page  .4, 

:dvpand'^;Pond 

:  Bear. Creek  Reservoir,v-\Pa^^1?^ttgar^M^cie^. ' 
Chatfield  Reservoir  -  Page  11  >  Walleye  :  ’  '  ?i; 

Cherry  Creek  Reservoir  -  Page  11  k  12  -  Wiper  k  Tiger  Muskie 
Quincy  Reservoir  -  Page  12  -  Tiger  Muskie  ;  ^  ;  ;  ,  r 

Gross  Reservoir  -  Rage  15  4  16  -  Tiger  Muskie  T 
Evergreen  Lake  -  Page  23  -  Tiger  Muskie  A 
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APPENDIX  5A 

DERIVATION  OF  EMISSION  RATES 
FOR  DIOXINS/FURANS  AND  THE  INORGANICS 


VOLUME  n 


5A.1  INTRODUCTION 

Once  the  pollutants  are  identified,  the  next  step  in  identifying  process  emissions  is  to  predict 
the  mass  of  these  pollutants  emitted  from  the  stack  over  time.  Emission  factors  are  used  to 
predict  or  estimate  the  concentrations  and  emission  rates  of  the  pollutants  likely  to  be 
emitted  from  proposed  facilities  or  from  facilities  for  which  there  are  no  emissions  data. 
Emission  factors  account  for  variations  in  emissions  with  respect  to  facility  capacities  and 
stack  gas  conditions  (i.e.,  moisture  content,  temperature,  and  excess  air)  so  that  they  can  be 
used  to  estimate  likely  emissions  from  a  facility  that  is  basically  similar  in  design  and 
operation.  Therefore,  it  is  important  that  the  emission  factors  be  developed  from  data  for 
the  specific  waste  to  be  burned  or  from  emissions  data  from  comparable  operating  facilities. 
This  section  presents  the  emission  factors  and  the  resulting  emission  rates  for  the  identified 
pollutants  and  provides  the  basis  for  the  selection  of  the  emission  factors. 

5A.2  OVERVIEW 

The  current  analyses  of  emissions  for  four  separate  groups  of  pollutants  are  reported  in  this 
section.  These  categories  are:  polychlorinated  dibenzo-p-dioxins  (dioxins  or  PCDDs)  and 
polychlorinated  dibenzofurans  (furans  or  PCDFs);  inorganics  (trace  metals);  volatile  and 
semi-volatile  organics  [including  products  of  incomplete  combustion  (PICs)  and  principal 
organic  hazardous  constituents  (POHCs)];  and  criteria  pollutants  (for  which  national 
ambient  air  quality  standards  have  been  established)  and  acid  gases.  The  emission  factors 
for  each  category  of  pollutants  were  derived  from  several  methods  and  were  based  on: 

•  The  test  burn  data  for  the  Basin  F  waste  obtained  by  T-THERMAL  in 
February  1989  and  August  1990. 

•  The  expected  waste  feed  rate  and  composition  (based  on  previous  Basin  F 
sampling  data)  and  published  destruction  and  removal  efficiencies. 

•  Federal  and  Colorado  emission  limitations  and  vendor  performance 
guarantees. 
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•  Emission  test  data  obtained  from  other  hazardous  waste  incineration  facilities 
(from  WESTON’s  comprehensive  database). 

The  first  method  used  to  estimate  emissions  was  based  on  the  test  burn  conducted  by  T- 
THERMAL  in  August  1990.  This  test  burn  was  comprised  of  nine  test  runs  performed  on 
a  pilot-scale  incinerator,  which  burned  Basin  F  liquid  and  hydrazine  wastewater.  Most  of  the 
test  runs  could  not  be  used  to  develop  emission  factors  because  dried  waste  clogged  the 
atomizing  tip  of  the  nozzle  during  testing.  There  were  several  methods  used  to  remove  the 
waste  buildup  from  the  nozzle  tip.  In  some  instances,  a  hammer  was  used  to  gently  hit  the 
injector  tip.  Another  method  was  passing  steam  or  high  pressure  atomizing  air  through  the 
injector.  During  these  periods,  the  waste,  the  atomizing  air  flow,  and  the  sampling  trains 
were  shut  down;  however,  discontinuities  in  emissions  were  likely.  There  were  no 
equipment  operating  difficulties  during  organic  test  runs  4  and  8;  therefore,  only  test  runs 
4  and  8  were  used  to  develop  emission  factors  for  dioxins  and  furans.  Inorganic  test  run  4 
was  used  to  develop  emission  factors  for  metals  and  other  inorganics  (criteria  pollutants  and 
acid  gases).  The  averages  of  all  the  test  runs,  including  the  unacceptable  ones,  were 
considered  in  developing  upper  bound  sensitivity  case  emission  factors.  Tables  5A-1  and  5A- 
2  describe  the  problems  that  occurred  during  organic  and  inorganic  testing,  respectively. 

The  second  method  used  to  estimate  the  emissions  was  based  on  the  expected  feed  rate  of 
the  waste  being  incinerated.  WESTON  investigated,  collected,  and  assembled  previous 
analytical  data  on  the  Basin  F  liquids.  Sources  of  information  and  test  data  included  Rocky 
Mountain  Arsenal,  Woodward-Clyde  Consultants,  T-THERMAL,  Waterway  Experiment 
Station,  Ebasco,  and  Shell  Oil  Company.  Testing  by  these  companies  occurred  from  1978 
through  1989.  WESTON  also  performed  a  series  of  tests  on  the  pond  and  storage  tanks  in 
August  and  October  1989,  and  in  February  and  April  1990.  Although  it  is  possible  that 
organics  may  have  degraded  since  the  earlier  analyses,  the  results  of  these  analyses  were 
considered  because  they  were  the  only  measures  of  some  compounds  and  would  ensure  a 
conservative  and  comprehensive  estimate  of  emissions.  All  of  the  test  data  were  reviewed 
and  converted  into  common  units  of  milligrams  per  liter.  (This  involved  a  density  correction 


810C/A5A 


5A-2 


7/19/91 


Table  5A-1 

Problems  During  Organic  Testing 


%est  -f  • 

Sample 

Run 

111?. -I.  i;:;jDate;; 

Time 

(min) 

Problems  During  Testing 

14- Aug-90 

10:04 

54 

1 

i.) 

9:40  -  Basin  F  liquid  waste  was  introduced. 

10:58 

2.) 

10:30  -  rapping  was  performed  on  the  nozzle 
to  help  reduce  increasing  CO  levels. 

3.) 

10:34  -  highest  CO  readings  (301  ppmdv  @  7%  02). 

14- Aug-90 

15:30 

56 

2 

1.) 

15:05  -  restarted  the  incinerator. 

16:31 

2.) 

15:35, 16:00  &  16:05  -  rapping  was  performed  on 
the  nozzle  to  help  reduce  CO  levels. 

3.) 

16:05  &  16:20  -  a  shot  of  high  pressure  atomizing 
air  was  injected  into  the  nozzle. 

4.) 

16:10  -  the  atomizing  air  temp,  was  increased  to  200  F. 

5.) 

16:20  -  the  nozzle  was  lowered  1/2”  further  into 
into  chamber. 

6.) 

16:05  -  highest  CO  readings  (212  ppmdv  @  7%  02). 

15- Aug-90 

08:45 

32 

3 

1.) 

8:30  -  Basin  F  liquid  waste  was  introduced. 

09:25 

2.) 

9:00  &  9:30  -  steam  was  injected  through  the  nozzle. 

3.) 

9:11  -  highest  CO  readings  (183  ppmdv  @  7%  02). 

16- Aug-90 

08:55 

180 

4 

1.) 

8:46  -  Basin  F  liquid  waste  was  introduced. 

12:08 

2.) 

9:45  -  highest  CO  readings  (212  ppmdv  @  7%  02). 

16- Aug-90 

12:51 

180 

5 

1.) 

12:22  -  compressor  went  down 

17:09 

2.) 

12:30  -  Basin  F  liquid  waste  was  introduced. 

3.) 

14:00  -  the  injectors  were  changed  to  help  reduce 
high  CO  levels. 

4.) 

14:30  -  Basin  F  liquid  waste  was  introduced. 

5.) 

15:15, 16:15  &  17:10  -  rapping  was  performed  on 
the  nozzle  to  help  reduce  CO  levels. 

6.) 

13:06  -  highest  CO  readings  (319  ppmdv  @7%  02). 

16- Aug-90 

18:10 

180 

6 

1.) 

17:40  -  the  waste  interlock  tripped  due  to 

21:43 

2.) 

low  water  levels  in  the  venturi  sump. 

18:00  -  Basin  F  liquid  waste  was  introduced. 

3.) 

18:15, 20:30  &  21:00  -  rapping  was  performed  on 
the  nozzle  to  help  reduce  CO  levels. 

4.) 

18:12  -  highest  CO  readings  (258  ppmdv  @7%  02). 

17- Aug-90 

08:02 

120 

7 

1.) 

7:41  -  Basin  F  liquid  waste  was  introduced. 

11:29 

2.) 

8:03  -  hydazine  waste  water  was  also  introduced. 

3.) 

9:45  -  the  injectors  were  steamed  for  10  minutes 
and  the  liquid  was  reintroduced  after  CO  levels 

spiked  over  100  ppm.  Once  the  waste  was  reintroduced 
the  02  levels  fell  below  1.7%  which  automatically 
shutoff  the  waste. 

4.) 

10:00  -  the  injectors  were  replaced  twice. 

5.) 

10:45  -  the  waste  was  reintroduced. 

6.) 

10:33  -  highest  CO  readings  (102  ppmdv  @  7%  02). 

17- Aug-90 

12:10 

113 

8 

1.) 

12:08  -  rapping  was  performed  on  the  nozzle 

14:13 

2.) 

to  help  reduce  CO  levels. 

12:58  -  highest  CO  readings  (150  ppmdv  @  7%  02). 

17- Aug-90 

14:51 

120 

9 

1.) 

14:45, 15:35  &  16:11  -  rapping  was  performed  on 

16:51 

2.) 

the  nozzle  to  help  reduce  CO  levels. 

15:30  -  highest  CO  readings  (227  ppmdv  @  7%  02). 

Note: 

Rapping  -  hitting  the  liquid  pipe  portion  of  the  injector  with  a  hammer  to  remove  the  dried  waste 
clogging  the  atomizing  air  slots  of  the  waste  injector  nozzle  atomizing  tip.  It  manifested 
itself  by  an  increase  in  CO. 

Other  actions  -  passing  steam  or  high  pressure  atomizing  air  throughout  the  passages  of  the  injector. 

During  these  periods,  the  waste  and  the  atomizing  air  flow  was  shutoff.  Also  the  emission 
sampling  trains  were  shut  down. 
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Table  5A-2 

Problems  During  Metal  Testing 


Note: 

Rapping  -  hitting  the  liquid  pipe  portion  of  the  injector  with  a  hammer  to  remove  the  dried  waste 
clogging  the  atomizing  air  slots  of  the  waste  injector  nozzle  atomizing  tip.  It  manifested 
itself  by  an  increase  in  CO. 

Other  actions  -  passing  steam  or  high  pressure  atomizing  air  throughout  the  passages  of  the  injector. 

During  these  periods,  the  waste  and  the  atomizing  air  flow  was  shutoff.  Also  the  emission 
sampling  trains  were  shut  down. 
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considering  the  1.24  g/mL  density  of  the  waste  for  the  historical  data  that  had  been  reported 
as  ppm  or  ppb.)  The  midpoints  were  taken  of  each  data  set  (e.g.,  historical  Basin  F  testing 
by  Shell  Oil  Company)  for  which  only  a  range  of  data  was  available.  Then  the  arithmetic 
mean  and  the  maximum  values  were  determined  for  each  of  the  groups  of  data  (historical 
Basin  F,  pond,  and  storage  tanks).  The  maximum  of  the  arithmetic  means  was  determined 
by  taking  the  highest  value  of  the  arithmetic  means  for  the  historical  Basin  F,  pond,  and 
storage  tank  data.  Similarly,  the  maximum  of  the  maximums  was  determined  by  taking  the 
highest  value  of  the  maximums  determined  for  each  group  of  data.  Table  5A-3  presents  the 
basic  analytical  data  for  each  data  set.  Tables  5A-4a  and  5A-4b  give  the  arithmetic  means 
and  maximums  for  each  group  of  data  in  milligrams  per  liter  and  tons  per  year,  respectively. 
Tons  per  year  values  were  calculated  based  on  the  design  incinerator  capacity  of  10,325 
lb/hr,  the  waste  density  of  1.24  g/mL,  and  7,000  operating  hours  per  year. 

For  certain  inorganics,  the  maximum  of  the  arithmetic  mean  and  maximum  of  the  maximum 
waste  feed  values  were  used  to  estimate  the  expected  (i.e.,  base  case)  and  reasonable  worst 
case  (i.e.,  sensitivity  case)  emissions,  respectively.  For  metals,  the  volatilization  and  removal 
efficiencies  for  the  individual  elements  were  based  on  the  Guidance  on  Metals  and  HC1 
Controls  from  Hazardous  Waste  Incineration  (EPA  1989).  For  acid  gases,  criteria,  and 
other  inorganic  pollutants,  conversion  and  removal  efficiencies  were  based  on  regulatory 
requirements,  the  literature,  and  data  for  similar  pollutants. 

The  maximum  of  the  arithmetic  means  in  the  waste  feed  were  the  basis  of  expected 
emission  estimates  for  volatile  and  semi-volatile  organics  other  than  dioxins/furans. 
Destruction  efficiencies  and  PIC  formation  rates  were  estimated  by  Dr.  Barry  Dellinger  of 
the  University  of  Dayton  Research  Institute  and  were  based  on  the  results  of  his 
experimental  studies.  Dr.  Dellinger’s  report  is  given  as  Appendix  5B.  A  summary  of  Dr. 
Dellinger’s  results  and  the  results  after  limiting  the  destruction  efficiency  of  any  waste  feed 
component  to  a  maximum  of  99.99%  are  presented  in  Table  5A-5.  This  additional  level  of 
conservatism  ensures  that  the  estimates  will  not  be  exceeded  for  any  compound.  A 
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TABLE  5A-3 

CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 
(mg/l) 

(continued) 
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TABLE  5A-3 

CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 

(mg/l) 

(continued) 
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ND  =  Not  detected  or  below  detection  limit. 

S  =  Suspect  due  to  CODiTOC  ratio  and  past  results 
(a)  =  Ranges  are  given  for  Tanks  1,2  and  3  because 

samples  were  collected  at  three  distinct  depths, 
(top^ddle,  and  bottom) 


TABLE  5A-3 

CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 
(mg/l) 

(continued) 
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CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 
(mg/l) 

(continued) 
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TABLE  5A-3 

CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 

(tng/l) 

(continued) 
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TABLE  5A-3 

CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 
(tng/l) 

(continued) 


5A-13 


5A-14 


TABLE  5A-3 

CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 
(mgll) 

(continued) 
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TABLE  5A-3 

CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 

(mg/1) 

(continued) 
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TABLE  5A-3 

CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 

(mg/D 

(continued) 
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ND  =  Not  detected  or  below  detection  limit. 

S  =  Suspect  due  to  COOTOC  ratio  and  past  results 
(a)  =  Ranges  are  given  for  Tanks  1,2  and  3  because 

samples  were  collected  at  three  distinct  depths. 
(top,middle,  and  bottom) 
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CHEMICAL  CHARACTERIZATION  DATA 
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TABLE  5A-3 

CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 

(mg/I) 

(continued) 


5A-19 


TABLE  5A-3 

CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 
(mg/l) 
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CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 
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(continued) 
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CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 
(mgll) 

(continued) 
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CHEMICAL  CHARACTERIZATION  DATA 
OF  BASIN  F  LIQUID 
(tons/yr) 

(continued) 
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ORGANIC  EMISSION  RATES  FROM  INCINERATION 
OF  ROCKY  MOUNTAIN  ARSENAL  BASIN  F  WASTE 

(1  of  4) 


5  A- 30 


23-Jul-91 


TABLE  5A-5 

ORGANIC  EMISSION  RATES  FROM  INCINERATION 
OF  ROCKY  MOUNTAIN  ARSENAL  BASIN  F  WASTE 
(continued  2  of  4) 


5  A- 31 


23-Jul-91 


ORGANIC  EMISSION  RATES  FROM  INCINERATION 
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ORGANIC  EMISSION  RATES  FROM  INCINERATION 
OF  ROCKY  MOUNTAIN  ARSENAL  BASIN  F  WASTE 
(continued  4  of  4) 


w  ti 


c  a 


s.. 


£  S 


CD 

11  2 
o  £ 

-  m 


& 


E  ° 


fc  top  e 


3  $  I  73 


ra  x>  u  *T3  oj 


5A-33 


23-Jul-91 


VOLUME  II 


destruction  and  removal  efficiency  of  99.99%  must  be  demonstrated  during  the  required  trial 
burn  for  all  compounds  selected  as  POHCs.  PIC  emissions  were  conservatively  assumed  to 
be  equal  to  Dr.  Dellinger’s  unnormalized  estimates. 

The  third  method  used  to  determine  emission  estimates  was  to  calculate  them  from 
regulatory  limits  and  vendor  performance  guarantees.  This  method  was  used  for  some  of 
the  nonmetallic  inorganics.  Base  and  sensitivity  case  particulate  matter  emission  estimates 
were  set  at  the  Colorado  regulatory  limit.  Sensitivity  case  carbon  monoxide  emissions  were 
assumed  to  be  at  the  federal  regulatory  limit.  Sulfur  oxide,  nitrogen  oxide,  and  hydrogen 
chloride  sensitivity  case  emissions  were  based  on  vendor  performance  guarantees. 

The  fourth  method  used  to  determine  emission  factors  was  based  on  a  comprehensive 
database  of  air  emissions  from  waste  burning  facilities  developed  by  WESTON.  The 
database  contains  information  compiled  from  12  hazardous  waste  incineration  facilities. 
Because  there  is  wide  variation  among  these  facilities  in  terms  of  incinerator  design, 
processing  capacities,  stack  gas  conditions,  combustion  conditions,  and  other  parameters, 
emission  factors,  which  are  independent  of  these  parameters,  are  used  to  standardize 
emissions  data.  Emission  factors  are  usually  calculated  as  the  mass  emissions  per  unit 
weight  of  waste  processed  (e.g.,  pounds  of  pollutant  per  ton  of  waste  processed),  or  as  the 
mass  emissions  per  standardized  stack  gas  volume  (e.g.,  nanograms  per  normal  cubic  meter 
of  stack  gas).  This  is  in  contrast  to  the  emission  rates  that  are  reported  in  units  of  mass 
emission  per  unit  of  time  (e.g.,  grams  per  second  or  pounds  per  hour).  Consequently, 
emission  factors  can  be  used  to  estimate  the  emission  rates  for  facilities  that  may  be  similar 
in  concept,  but  that  may  vary  in  design  and  operation.  The  sensitivity  case  for  dioxins  and 
furans  was  based  on  the  95%  confidence  interval  (log  normal  of  the  mean)  of  the  emission 
factors  calculated  for  the  facilities  in  the  database. 


810C/A5A 


5A-34 


7/19/91 


Dioxin/Furan  Emissions  Test  Burn  Results 
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5A.3  DIOXIN/FURAN  EMISSIONS 
5A.3.1  Expected  Emissions 
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The  Rocky  Mountain  Arsenal  predicted  air  contaminant  emissions  from  the  proposed 
hazardous  waste  incinerator  system  were  determined  by  performing  test  bums  of  the  waste. 
T-THERMAL  performed  nine  source  tests  of  the  waste  in  a  pilot  incinerator  in  August 
1990.  Table  5A-6  shows  the  dioxin/furan  emission  results  of  the  individual  test  runs 
converted  into  nanograms  per  dry  normal  (32°F)  cubic  meter  corrected  to  12%  C02 
(ng/Nm3,  dry  @  12%  C02).  During  the  series  of  tests,  dried  waste  accumulated  on  the 
atomizing  tip  of  the  waste  injector  nozzle.  As  described  in  detail  in  Table  5A-1,  procedures 
were  taken  to  remove  the  waste.  Because  these  injector  clogging  problems  prevented 
normal  incinerator  operating  conditions,  many  of  the  test  mns  were  excluded;  only  test  mns 
4  and  8  were  used  to  determine  the  base  case  in  estimating  the  expected  emission  rates  at 
the  proposed  RMA  facility.  A  statistical  analysis  of  all  of  the  test  mns  and  of  test  mns  4 
and  8  alone  is  presented  in  Table  5A-7.  Confidence  intervals  are  not  meaningful  for  only 
two  data  points;  therefore,  the  standard  deviation  and  standard  error  were  used  as  measures 
of  variation.  The  variation  is  much  less  for  test  mns  4  and  8. 

The  dioxin  and  furan  concentrations  were  then  converted  into  toxic  equivalence  factors 
(TEF).  The  TEF  is  the  currently  acceptable  method  for  evaluating  such  emissions,  and  is 
a  weighting  scheme  in  which  the  measured  congeners  of  dioxins  and  furans  are  normalized 
or  weighted  by  their  toxicity  relative  to  that  of  a  single  congener  (i.e.,  2,3,7,8-tetrachloro- 
dibenzo-p-dioxin  [2,3,7,8-TCDD]).  This  congener  is  the  most  studied  and  most  toxic 
congener.  Table  5A-8  illustrates  the  international  weighting  scheme  adopted  by  the  EPA. 

5A.3.2  Upper  Bound  Emissions 

For  the  sensitivity  or  upper  bound  case,  data  on  hazardous  waste  facilities  from  the 
WESTON  comprehensive  database  were  used.  Unfortunately,  most  of  the  available  dioxin 
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Table  5A-7 

Dioxin/Furan  Emissions  Test  Burn  Results 
(ng/Nm3,  dry  @  12%  C02) 


Dioxins/Furans 

1  All  Test  Runs  1 

Runs  4  &  8 

Emission 

Average 

Standard 

Deviation 

Standard 

Error 

Average 

H  SSI!  S3 

Standard 

Error 

Rate 

db/hr) 

2,3,7, 8-TCDF 

0.145 

0.037 

0.253 

0.129 

0.024 

0.186 

2.62E-09 

Total  TCDF 

0.654 

0.187 

0286 

0.570 

0.106 

0.185 

1.16E-08 

2,3,7,8-TCDD 

0.006 

0.004 

0.688 

0.004 

0.001 

0.255 

7.64E-11 

Total  TCDD 

0.035 

0.020 

0.553 

0.051 

0.012 

0230 

1.05E-09 

1,2,3,7,8-PeCDF 

0.027 

1 

0.251 

0.023 

0.001 

0.045 

4.65E-10 

2,3,4/7,8-PeCDF 

W^V-T''  W 

1.788 

0.050 

■ 

0.140 

1.03E-09 

Total  PeCDF 

0.397 

1 

0265 

0.360 

0.038 

7.32E-09 

1,2,3,7,8-PeCDD 

0.001 

0.001 

0.836 

0.001 

0.001 

1.414 

1.13E-11 

Total  PeCDD 

0.014 

0.011 

0.758 

0.015 

0.012 

0.822 

2.99E-10 

1,2,3,4,7,8-HxCDF 

0.019 

0.362 

0.044 

0.024 

0.551 

8.86E-10 

1,2,3,6,7,8-HxCDF 

0.015 

0.435 

0.030 

0.008 

0271 

6.13E-10 

1 ,2/3,7,8,9-HxCDF 

1 

0.011 

0245 

HI 

0.005 

0.116 

8.10E-10 

2,3,4/7,8,9-HxCDF 

0.002 

0.325 

H 

0.000 

0.054 

8.68E-11 

Total  HxCDF 

0289 

0.129 

0.446 

0.239 

0.039 

0.163 

4.87E-09 

1 ,2,3,4,7,8-HxCDD 

0.002 

0.002 

0.806 

0.002 

0.001 

0.519 

3.30E-11 

1 ,2,3,6,7,8-HxCDD 

0.005 

0.004 

0.004 

0.001 

0.255 

7.64E-11 

1,2,3,7,8,9-HxCDD 

0.005 

0.003 

n 

0.003 

0.000 

0.054 

6.51E-11 

Total  HxCDD 

0.044 

0.032 

0.712 

0.025 

0.005 

0.183 

5.18E-10 

1  ,2,3,4/6,7,8-HpCD 

0.063 

0.031' 

0.493 

0.079 

0.021 

0.269 

1.61E-09 

1,2,3,4,7,8,9-HpCD 

0.014 

0.004 

0272 

0.010 

0.170 

2.05E-10 

Total  HpCDF 

0.105 

0.024 

0225 

0.113 

0.029 

0260 

229E-09 

1,2,3,4,6,7,8-HpCD 

0.094 

0.856 

0.052 

0.012 

0237 

1.06E-09 

Total  HpCDD 

1 

0.380 

m\ 

0.139 

0.084 

0.602 

2.83E-09 

OCDF 

0.116 

0.135 

1.162 

0257 

0.305 

1.183 

524E-09 

OCDD 

1.666 

1.568 

0.941 

0.845 

0262 

0.310 

1.72E-08 

U.S.EPA  TEF 

0.104 

0.120 

1.152 

0.058 

0.009  | 

0.154 

1.19E-09 
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Table  5A-8 

EPA  2,3,7,8-TCDD  Toxic  Equivalency  Factors  (TEFs)1 


Homologue/Congener2 

TEF3 

Mono  through  trichloro  dibenzo-p-dioxins  and  dibenzofurans 

0 

2,3,7,8-TCDD 

1 

Other  TCDDs 

0 

2,3,7,8-PeCDD 

0.5 

Other  PeCDDs 

0 

2,3,7,8-HxCDDs 

0.1 

Other  HxCDDs 

0 

2,3,7,8-HpCDDs 

0.01 

Other  HpCDDs 

0 

OCDDs 

0.001 

2,3,7,8-TCDF 

0.1 

Other  TCDFs 

0 

1,2,3,7,8-PeCDF 

0.05 

2,3,4,7,8-PeCDF 

0.5 

Other  PeCDFs 

0 

2,3,7,8-HxCDFs 

0.1 

Other  HxCDFs 

0 

2,3,7,8-HpCDFs 

0.01 

Other  HpCDFs 

0 

OCDFs 

0.001 

1  Source:  Beilin  J.S.,  and  D.G.  Barnes,  "Interim  Procedures  for  Estimating  Risks  Associated  with  Exposures  to 
Mixtures  of  Chlorinated  Dibenzo-p-dioxins  and  Dibenzofurans  and  1989  Update”,  EPA  Risk  Assessment 
Forum,  EPA/625/3-89/016,  March  1989. 


2  The  following  abbreviations  are  used  for  dioxin/furan  homologues  and  congeners: 


Homologues 
TCDD 
PeCDD 
HxCDD 
HpCDD 
OCDD 
TCDF 
PeCDF 
HxCDF 
HpCDF 
OCDF 
Congeners 
2, 3,7, 8 
Other 


tetrachlorinated  dibenzo-p-dioxin  (4  chlorines) 
pentachlorinated  dibenzo-p-dioxin  (5  chlorines) 
hexachlorinated  dibenzo-p-dioxin  (o  chlorines) 
heptachlorinated  dibenzo-p-dioxin  (7  chlorines) 
octachlorinated  dibenzo-p-dioxin  (8  chlorines) 
tetrachlorinated  dibenzo-furans  (4  chlorines) 
pentachlorinated  dibenzo-furans  (5  chlorines) 
hexachlorinated  dibenzo-furans  (6  chlorines) 
heptachlorinated  dibenzo-furans  (7  chlorines) 
octachlorinated  dibenzo-furans  (8  chlorines) 

2,3,7,8-substituted  congeners  of  homologue. 

All  congeners  of  homologue  other  than  the  2,3,7,8-substituted  congeners. 


3  TEF 


Toxic  equivalency  factor. 
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and  fnran  data  compiled  from  these  facilities  lacked  the  information  required  to  calculate 
TEFs.  In  a  number  of  cases,  only  amounts  of  total  PCDD  and  PCDF,  and  frequently  of  total 
tetrachlorinated  dibenzo-p-dioxin  (TCDD)  and  total  tetrachlorinated  dibenzofuran  (TCDF) 
homologues  are  reported  along  with  the  2,3,7,8-TCDD  congener,  if  detected. 

In  order  to  deal  most  effectively  with  this  absence  of  data  and  the  need  to  establish  TEFs, 
the  following  process  was  used: 


•  TEFs  were  calculated  for  the  available  data  sets.  Because  most  of  the  facility 
tests  measured  all  congener  groups  needed  to  calculate  the  TEF,  the  available 
data  were  used  in  conjunction  with  ratios  of  homologue  emissions  to  TCDD 
emissions  and  of  2,3,7,8-substituted  emissions  of  a  homologue  to  the  total 
emissions  of  the  homologue  in  order  to  establish  TEF  emissions  for  each 
facility.  The  ratios  of  emissions  used  were  calculated  from  emission  test  data 
for  municipal  solid  waste  (MSW)  incinerators  (Siebert  et  al.,  1989).  These 
ratios  are  conservatively  higher  (from  a  risk  assessment  perspective)  than  the 
theoretical  splits  based  on  the  possible  number  of  congeners. 

•  Geometric  mean  and  confidence  intervals  of  the  mean  based  on  a  log  normal 
distribution  of  estimated  TEF  values  were  used  to  establish  the  range  of  TEF 
emissions.  A  log  normal  distribution  was  assumed  among  facilities  because 
it  is  common  for  emissions  data  and  has  been  demonstrated  for  dioxin/furan 
TEF  emissions  from  MSW  incinerators  (Siebert  et  al.,  1988). 


This  approach  would  not  be  the  preferred  approach  if  more  congener-specific  data  were 
available;  however,  it  is  considered  the  most  appropriate  approach  in  light  of  the  limited 
quantity  and  quality  of  the  available  data. 


Several  key  points  need  to  be  made  about  all  the  dioxin/furan  data  used  to  establish 
emissions  and  its  applicability  to  the  RMA  incinerator: 


•  A  number  of  the  facilities  used  in  the  analysis  burn  significantly  different 
wastes  than  those  to  be  burned  in  the  RMA  incinerator.  In  fact,  many  of  the 
tested  incinerators  burn  large  quantities  of  PCBs.  Although  the  formation 
mechanisms  for  dioxins/furans  are  not  clearly  understood,  the  presence  of 
PCBs  or  other  likely  dioxin/furan  precursors  in  the  waste  stream  would 
probably  tend  to  increase  dioxin/furan  emissions. 
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•  The  data  sets  used  in  this  analysis  generally  were  not  taken  directly  from 
original  comprehensive  test  reports,  but  from  partial  results  reported  in  the 
literature.  This  makes  standardization  of  the  data  difficult. 

•  An  inherent  assumption  is  that  the  homologue/TCDD  ratios  and  2,3,7,8/total 
homologue  ratios  are  relatively  consistent  for  municipal  solid  waste  and 
hazardous  waste  incineration. 

Table  5A-9  summarizes  the  EPA  toxic  equivalent  data  for  each  facility  and  the  resulting 
geometric  mean  and  confidence  interval.  Also  displayed  is  a  summary  of  the  T-THERMAL 
test  results  for  all  the  tests  and  for  the  acceptable  tests  only.  The  corresponding  emission 
rates  in  pounds  per  hour  (lb/hr)  are  also  presented.  These  emission  rates  were  based  upon 
the  %  C02,  the  actual  temperature  and  the  moisture  content  of  the  flue  gas  during  the  trial 
burns  of  the  Basin  F  waste,  and  the  expected  flue  gas  flow  rate  for  the  full-scale  submerged 
quench  incinerator  proposed  for  RMA.  The  emission  rates,  which  were  used  for  the  base 
case,  were  the  average  of  the  acceptable  test  runs  from  the  trial  burn  of  the  RMA-Basin  F 
waste,  while  those  used  for  the  sensitivity  case  were  the  upper  95%  confidence  limit  of  test 
results  from  facilities  in  the  WESTON  database. 

5A.4  INORGANICS  EMISSIONS 
5A.4.1  Expected  Emissions 

Emission  factors  for  metals  and  other  inorganics  (such  as  criteria  pollutants  and  acid  gases) 
were  derived  by  several  methods.  For  the  base  case  emissions,  the  maximum  value  was 
selected  from  the  acceptable  test  bum  emission  results  and  the  emissions  derived  from  the 
maximum  of  the  averages  concentration  of  metals  in  the  waste  feed  to  the  incinerator, 
assuming  that  the  volatilization  fraction  and  the  efficiencies  of  the  air  pollution  control 
(APC)  equipment  are  equal  to  those  given  by  EPA. 
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Table  5A-9 

Summary  of  Dioxin/Furan  Toxic  Equivalent 
Emissions  from  the 
Hazardous  Waste  Incinerators 


Facility 

U.S.  EPA  TEF  Emission 

Factor  Rate 

(ng/NmA3  @  12%  C02)  (Ibs/hr) 

Ross 

0.048 

American  Cy  ana  mid 

0.054 

DuPont 

0.044 

Upjohn 

0.104 

Mitchell 

0.236 

Plant  B  (Outlet  Location) 

7.295 

SCA 

0.872 

Rollins  (Deer  Park,  Texas) 

1.519 

ENSCO 

0.103 

Rollins  (Bridgeport,  New  Jersey) 

0.620 

Biebesheim 

1.050 

Geometric  Mean 

0.300 

6.11E-09 

Upper  95%  Confidence  Interval 

0.931 

1.90E-08 

Lower  95%  Confidence  Interval 

0.097 

1.97E-09 

Rockv  Mountain  Arsenal 

All  Tests  ;  |  | If  |f| | |ii;  ;§§ 

Acceptable  Tests  ’ .. ";:v 

•  0.104 

H"!  .  •  0.058  •  .  ] 

.  2.11E-09 
>: 1A9E-09 

ng  mA3  (273.15)N  °C  (10.10)A%C02  (100  -  6.74)  moist  lb 

- ,dry  @  12%  C02  x  4.72 - x - x - x - x - 

NmA3  sec  (394.30)A  °C  12%C02  100  453.6*1 0 A9  ng 


3600  sec 

x - 

hr 
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For  the  first  approach,  the  test  burn  data  were  converted  into  emission  factors  in  pounds 
of  metal  and  other  inorganics  per  ton  of  waste  incinerated  (lb/ton)  and  evaluated  to  see  if 
the  operating  conditions  were  representative  of  the  expected  RMA  submerged  quench 
incinerator  conditions.  Table  5A-10  illustrates  the  results  of  the  converted  test  burn  data  for 
metals.  As  displayed  in  Table  5A-2,  upset  conditions  occurred  during  every  test  run  except 
test  run  4;  therefore,  it  is  considered  acceptable  and  representative  of  the  expected 
conditions.  Table  5 A- 11  presents  a  statistical  analysis  of  all  the  test  runs  and  compares  the 
results  with  test  run  4  alone. 

The  second  approach  was  based  on  information  regarding  the  concentrations  of  metals  and 
other  inorganics  in  the  waste  feed.  The  base  case  calculations  for  metals  are  given  in  Table 
5A-12.  The  uncontrolled  emissions  are  based  on  the  maximum  of  the  average 
concentrations  from  each  of  the  historical  tests  of  the  Basin  F  waste  and  the  series  of  tests 
WESTON  performed  both  on  the  tanks  and  on  the  pond.  The  results  were  converted  into 
lb/ ton  based  on  the  density  of  the  waste. 

The  controlled  emission  rate  was  based  on  the  expected  feed  rate,  the  percent  of  metals 
volatilized  (and  subsequently  condensed  and  adsorbed  onto  particles),  and  the  removal 
efficiency  of  the  air  pollution  control  equipment.  After  identifying  the  input  of  waste  stream 
metals,  the  next  step  was  to  determine  the  fractions  of  those  metals  that  would  be  expected 
to  volatilize  and  later  condense  and  adsorb  onto  particles.  This  adsorption  process  is 
necessary  for  the  collection  of  metals  by  the  air  pollution  control  (APC)  system.  Based  on 
EPA  (1989),  all  metals  in  liquid  waste  will  volatilize  during  combustion. 

Removal  efficiencies  (considering  both  adsorption  and  collection)  were  estimated  for  a 
packed  scrubber  in  series  with  a  60-inch  pressure  drop  Venturi  scrubber  in  the  incinerator 
APC  system.  EPA  (1989)  only  provided  efficiency  values  for  selected  metals  controlled  by 
a  packed  scrubber  in  series  with  a  20-inch  pressure  drop  Venturi  scrubber  and  a  20-inch  or 
60-inch  pressure  drop  Venturi  scrubber  alone.  Therefore,  the  removal  efficiency  of  the 
packed  scrubber  was  calculated  and  added  to  the  removal  efficiency  of  the  60-inch  pressure 
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TABLE  5A-10 

METAL  EMISSIONS  TEST  BURN  RESULTS 

(Ib/ton) 
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TABLE  5 A- 12 

EXPECTED  METAL  EMISSIONS  BASED 
ON  TEST  BURN  EMISSIONS  &  WASTE  STREAM  DATA 


Metals 

Uncontrolled 
Emissions  (1) 
(Ibjton) 

Based  on  Waste 
Metals  to 
APCD  (2) 

(%) 

Stream  Data 
Removal 
Efficiency  (3) 
(%) 

- Bas 

Controlled 
Emissions  (4) 
Qb/ton) 

ed  upon  Acceptable 
Test  Bum  Data 

Controlled 
Emissions  (5) 

Maximum : 

Emissions 

Between  file 

Two  Scenarios 

(Ib/ton) 

rnmrnm 

pi 

WmmMmm 

Aluminum 

6.7E-03 

100 

97  (6) 

2.02E-04 

9.98E-04 

•9.98E-G4i 

ii 

5.15E-03  1 

Antimony 

1.2E-03 

100 

97 

3.51E-05 

6.08E-06 

3-51E-G5 

1  : 

1.81E-04 

Arsenic 

6.6E-03 

100 

97 

1.99E-04 

9.46E-06 

1.99E-04 

1.03E-03  i 

Barium 

6.5E-04 

100 

99.4 

3.87E-06 

4.87E-05 

4.87E-05 

1 

2.51E-04 

Beryllium 

NA 

100 

99.4 

NA 

2.03E-06 

2.03E-O6 

wm 

i..lb5&05'  "  " 

Boron 

3.2E-02 

100 

97  (8) 

9.68E-04 

1.48E-03 

1.48E-03  : 

hi 

7.65E-03 

Cadmium 

1.0E-03 

100 

97 

3.11E-05 

6.76E-07 

3.11E-05 

;l.'  v 

1.61E-04 

Calcium 

2.8E-01 

100 

97  (7) 

8.51E-03 

3.61E-03 

851E-03 

1 

4.39&02 

Chromium 

2.3E-03 

100 

99.4 

1.37E-05 

2.03E-06 

1.37E-05 

ill 

7.05E-05 

Cobalt 

1.5E-03 

100 

97  (6) 

4.37E-05 

6.76E-07 

437E-05 

i 

225E-04 

Copper 

6.2E+00 

100 

97  (6) 

1.86E-01 

2.10E-02 

I.86E-01 

959E-01 

Iron 

8.8E-02 

100 

97  (6) 

2.64E-03 

5.15E-04 

2.64E-03 

i 

iiii Wmmim 

Lead 

2.1E-03 

100 

97 

622E-05 

6.08E-06 

ill 

3J21E-04 :  ,  - 

Lithium 

NA 

100 

NA 

NA 

6.08E-06 

6.08E-06 

ill 

3.14E-05 

Magnesium 

2.6E-01 

100 

97  (6) 

7.90E-03 

3.88E-03 

7.9OE-03 

1 

:  «4j08EtCJ2 

Manganese 

1.1E-02 

100 

97  (6) 

3.41E-04 

5.61E-05 

3.41E-04 

1 76E-03 

Mercury 

3.7E-04 

100 

85 

5.50E-05 

3.38E-06 

5.50E-05 

1 

,2.84Er04  1., 

Molybdenum 

4.1E-03 

100 

85  (6) 

6.11E-04 

3.38E-06 

111 

3.15E4B 

Nickel 

5.3E-02 

100 

97  (6) 

1.58E-03 

3.38E-06 

158E-03 

III! 

8.18E-03 

Potassium 

2.1E+00 

100 

97  (7) 

629E-02 

320E-04 

62  9E-02  ; 

Ill 

:3i5Elot 

Selenium 

3.4E-03 

100 

85  (6) 

5.09E-04 

9.46E-06 

5.09E-04 

111 

2.63E-03 

Silicon 

NA 

100 

NA 

NA 

8.76E-03 

8.76E-03 

111 

452E4E 

Silver 

8.8E-04 

100 

99.4 

527E-06 

3.38E-06 

527E-Q6 

1111 

2-72E-05 

Sodium 

NA 

100 

97  (9) 

NA 

3.59E+00 

3.59E+00 

lil 

l3.85Eri&  . 

Strontium 

NA 

100 

97  (8) 

NA 

2.03E-06 

2.03E-06 

i 

E05E-05  1 

Thallium 

NA 

100 

97 

NA 

5.12E-04 

2-64E-03  1 

Tin 

NA 

100 

97  (7) 

NA 

4.48E-04 

l4j48Er04'-:' 

ill 

231E-03  ,.  i. 

Titanium 

NA 

100 

97  (6) 

NA 

3.38E-06 

3.38E-06 

lil 

1.74Er05 

Vanadium 

4.3E-03 

100 

97  (6) 

129E-04 

6.76E-07 

1.29E-04 

i 

6.68E-04 

Yttrium 

NA 

100 

97  (8) 

NA 

NA 

O.OOE+GO 

O.OOE+OO 

Zinc 

3.0E-02 

100 

97  (6) 

9.01E-04 

2.72E-04 

9.016-04 

•I.;, 

4.65E-03 

(1)  Based  upon  the  maximum  of  the  averages  emission  concentration  from  historical  test  data  (tons/yr)  and 
multiplying  by  2000  lbs/ton  /  ((10,325  lbs  of  waste/hr  /  2000  lbs/ton)  x  7,000  operating  hrs/yr). 

(2)  Percent  of  metal  volatilization  is  estimated  at  100%  for  all  metals  in  liquid  waste  based  on  EPA  Guidance  on 
Metals  and  HC1  Controls  from  Hazardous  Waste  Incineration,  Draft  Final  Report,  August  1989,  Table  III-9. 

(3)  Based  on  EPA  Guidance  (note  2),  Table  IH-8.  The  removal  efficiency  of  the  wet  scrubber  in  series 

with  the  Venturi  scruuber  at  20"  of  water  was  calculated.  This  removal  efficiency  was  used  in  series  with 
the  removal  efficiency  of  the  Venturi  scrubber  at  60"  of  water. 

(4)  Controlled  Emissions  =  Uncontrolled  Emissions  x  %  Metals  to  APCD  x  (1-  %  Removal  Efficiency) 

(5)  Based  upon  the  emissions  during  the  one  acceptable  test  run  from  the  test  bum  by  T-Thermal  in  Aug.  1990. 

(6)  Assumed  removal  efficiency  of  antimony,  arsenic,  cadmium,  lead  and  thallium  or  of  mercury  per  footnote  (3), 
based  on  scrubber  efficiency  similar  to  those  compounds  in  "Hazardous  Waste  Stream  Trace  Metal  Concentrations 
and  Emissions",  Mitre  Corp.,  U.S.EPA  Office  of  Solid  Waste,  November  1983. 

(7)  Similar  to  copper,  cobalt  and  titanium  in  showing  no  concentration  with  particle  size  per  Da  vision,  Natusch, 
et  al  ’Trace  Elements  in  Fly  Ash”,  Environmental  Science  &  Technology,  Vol.  8,  No.  13,  December  1974. 

Therefore,  assumed  scrubber  efficiency  similar. 

(8)  Similar  emissions  to  feed  ratio  to  that  of  iron  and  aluminum  per  Kaakinen  Jorden,  et  al.  Trace  Element 
Behavior  in  Coal-Fired  Power  Plant",  Environmental  Science  &  Technology,  Vol.  9,  No.  9,  September  1975. 
Therefore,  assumed  scrubber  efficiency  similar. 

(9)  Similar  control  efficiency  to  that  of  calcium,  iron  and  potassium  per  Klein,  Andren,  et  al, 

"Pathways  of  Thirty-seven  Trace  Elements  Through  Coal-Fired  Power  Plant",  Environmental  Science  & 
Technology,  Vol.  9,  No.  10,  October  1975.  Therefore,  assumed  scrubber  efficiency  similar. 
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drop  Venturi  scrubber.  It  should  be  noted,  that  it  was  conservatively  assumed  that  no  metals 
were  removed  in  the  incinerator  quench  pit;  similarly,  no  metals  in  the  waste  feed  or  in  the 
flue  gas  entering  the  APC  devices  were  assumed  to  be  removed.  Several  documents 
provided  information  for  conservatively  estimating  removal  efficiencies  of  the  metals  not 
noted  in  EPA  (1989),  based  on  the  efficiencies  given  in  EPA  (1989).  The  detailed 
assumptions  and  results  of  this  approach  are  presented  in  Table  5 A- 12. 

For  acid  gases,  criteria,  and  other  inorganic  pollutants,  the  same  two  approaches  were  used. 
However,  the  controlled  emissions  based  on  the  waste  stream  data  considered  the 
conversion  of  the  waste  stream  component  to  its  emitted  chemical  form  and  assumed 
removal  efficiencies  based  on  a  number  of  sources.  The  basis  of  the  assumed  removal 
efficiencies  included  regulatory  requirements,  literature  values,  and  data  for  similar 
pollutants.  The  base  case  emissions  analysis  (along  with  the  sensitivity  case  analysis)  is 
presented  in  Table  5 A- 13. 

5A.4.2  Upper  Bound  Emissions 

The  upper  bound  emissions  or  sensitivity  case  for  metals  and  other  inorganics  was  based 
upon  the  average  of  all  runs  during  the  test  burn,  and  the  maximum  controlled  emission  rate 
based  on  the  waste  feed  data.  The  higher  value  of  those  generated  by  these  two  approaches 
was  used. 

The  first  approach  for  estimating  the  upper  bound  emissions  was  based  on  the  average  of 
all  the  runs  from  the  test  burn  (acceptable  or  not).  The  second  approach  was  based  on  the 
highest  of  the  maximum  waste  feed  rate  values  and  the  volatilization  and  removal  efficiency 
methodology  applied  to  the  expected  feed  rate,  explained  in  the  previous  section.  Table 
5 A- 14  presents  the  assumptions  and  results  of  these  two  approaches  for  metals.  The 
assumptions  and  results  for  other  inorganics  are  given  in  Table  5A-13. 
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TABLE  5A-14 

MAXIMUM  METAL  EMISSIONS  BASED 
ON  TEST  BURN  EMISSIONS  &  WASTE  STREAM  DATA 


Based  upon  :  Maximum"" 

Based  on  Waste  Stream  Data  Test  Burn  Data  Emissions 

Uncontrolled  Metals  to  Removal  Controlled  Controlled  .  Between  die 


Metals 

Emissions  (1) 

(lb)  ton) 

APCD  (2) 

(%) 

Efficiency  (3) 

(%) 

Emissions  (4) 
(Ib/ton) 

Emissions  (5) 
(Ibjton) 

Two  Scenarios 

WwMmm} 

rnmmm-. iiii 

Aluminum 

8.9E-03 

100 

97  (6) 

2.66E-04 

1.38E-03 

7.14E-03 

Antimony 

1.8E-03 

100 

97 

5.32E-05 

7.46E-05 

7;46E4)5  1 

3.85E-04 

Arsenic 

1.6E-02 

100 

97 

4.80E-04 

1.62E-05 

1 

2.48E-03 

Barium 

6.5E-04 

100 

99.4 

3.87E-06 

1.91E-05 

151E-05  1 

9.87E-05 

Beryllium 

NA 

100 

99.4 

NA 

3.99E-06 

:  3.99E-06  1 

2.06E-05 

Boron 

3.4E-02 

100 

97  (8) 

1.02E-03 

2.01E-03 

.  24>1E-03p  .  .  1 

1.04E-02 

Cadmium 

4.0E-03 

100 

97 

1ZOE-04 

1.86E-06 

1.20E-04  1 

620E-04 

Calcium 

5.4E-01 

100 

97  (7) 

1.62E-02 

5.50E-03 

;  1.62E-02  1 

8.36E-02 

Chromium 

3.1E-03 

100 

99.4 

1.84E-05 

3.41E-06 

1.84E-05  1 

9.49E-05 

Cobalt 

1.5E-03 

100 

97  (6) 

4.50E-05 

1.70E-06 

4o0E-05  1 

Z32E-04  . 

Copper 

1.2E+01 

100 

97  (6) 

3.52E-01 

6.65E-03 

Me-o|  1 

:  ;o  i.«aE*oo : 

Iron 

1.5E-01 

100 

97  (6) 

4.50E-03 

1.15E-03 

4.50E-03  I 

.  2.32E436 

Lead 

4.0E-03 

100 

97 

1Z0E-O4 

8.44E-05 

120E-04  1 

6.20E-04 

Lithium 

NA 

100 

NA 

NA 

1.15E-0  5 

L15E-05  1 

5.92E-05 

Magnesium 

4.4E-01 

100 

97  (6) 

1.32E-02 

4.76E-03 

132E-02  1 

6J81E4)2 

Manganese 

1J2E-02 

100 

97  (6) 

3.48E-04 

3.84E-04 

3.84E-04  :::| 

1.98E-G3  : 

Mercuiy 

5.5E-04 

100 

85 

823E-05 

5.72E-06 

8.23E-05  1 

4.25E-04 

Molybdenum 

4.2E-03 

100 

85  (6) 

6.29E-04 

5.72E-06 

629E434  1 

325E-03 

Nickel 

5.5E-02 

100 

97  (6) 

1.65E-03 

3.59E-05 

1.65E-03  i 

8.49E-03 

Potassium 

4.7E+00 

100 

97  (7) 

1.40E-01 

5.76E-04 

1.40E-01  1 

7^4E-01: 

Selenium 

3.4E-03 

100 

85  (6) 

5.09E-04 

2.92E-04 

5.09E-04  1 

2&E-(B 

Silicon 

NA 

100 

NA 

NA 

1.05E-02 

;  ;  L05E-02 ; 

5.41E-02 

Silver 

8.8E-04 

100 

99.4 

5Z7E-06 

5.72E-06 

Z96E-05 

Sodium 

NA 

100 

97  (9) 

NA 

3.08E+01 

izjWEm  ■■  i 

.  159E+02 

Strontium 

NA 

100 

97  (8) 

NA 

3.13E-06 

313E-06  I 

1.62E-05 

Thallium 

NA 

100 

97 

NA 

4.74E-04 

;  4.74E-04  1 

;  ; :  2.45E-03 

Tin 

NA 

100 

97  (7) 

NA 

4.87E-04 

487E-04  1 

/2L51E-03 

Titanium 

NA 

100 

97  (6) 

NA 

5.95E-06 

5^5E-06  I 

3.07E-05 

Vanadium 

4.8E-03 

100 

97  (6) 

1.45E-04 

1.19E-06 

1.45E-04  I 

Yttrium 

NA 

100 

97  (8) 

NA 

1.18E-06 

L18E-06  1 

;  :  411E-06 

Zinc 

6.2E-02 

100 

97  (6) 

1.85E-03 

1.19E-03 

L85E-03  ! 

(1)  Based  upon  the  maximum  of  the  maximums  emission  concentration  from  historical  test  data  (tons/yr)  and 
multiplying  by  2000  lbs/ton  /  ((10,325  lbs  of  waste/hr  /  2000  lbs/ton)  x  7,000  operating  hrs/yr). 

(2)  Percent  of  metal  volatilization  is  estimated  at  100%  for  all  metals  in  liquid  waste  based  on  EPA  Guidance  on 
Metals  and  HC1  Controls  from  Hazardous  Waste  Incineration,  Draft  Final  Report,  August  1989,  Table  El-9. 

(3)  Based  on  EPA  Guidance  (note  2),  Table  HI-8.  The  removal  efficiency  of  the  wet  scrubber  in  series 

with  the  Venturi  scruuber  at  20"  of  water  was  calculated.  This  removal  efficiency  was  used  in  series  with 
the  removal  efficiency  of  the  Venturi  scrubber  at  60"  of  water. 

(4)  Controlled  Emissions  =  Uncontrolled  Emissions  x  %  Metals  to  APCD  x  (1-  %  Removal  Efficiency) 

(5)  Based  upon  the  average  emission  during  the  test  bum  by  T-Thermal  in  Aug.  1990. 

(6)  Assumed  removal  efficiency  of  antimony,  arsenic,  cadmium,  lead  and  thallium  or  of  mercuiy  per  footnote  (3), 
based  on  scrubber  efficiency  similar  to  those  compounds  in  "Hazardous  Waste  Stream  Trace  Metal  Concentrations 
and  Emissions",  Mitre  Corp.,  US.EPA  Office  of  Solid  Waste,  November  1983. 

(7)  Similar  to  copper,  cobalt  and  titanium  in  showing  no  concentration  with  particle  size  per  Da  vision,  Natusch, 
et  al  'Trace  Elements  in  Fly  Ash",  Environmental  Science  &  Technology,  Vol.  8,  No.  13,  December  1974. 

Therefore,  assumed  scrubber  efficiency  similar. 

(8)  Similar  emissions  to  feed  ratio  to  that  of  iron  and  aluminum  per  Kaakinen  Jorden,  et  al..  Trace  Element 
Behavior  in  Coal-Fired  Power  Plant",  Environmental  Science  &  Technology,  Vol.  9,  No.  9,  September  1975. 
Therefore,  assumed  scrubber  efficiency  similar. 

(9)  Similar  control  efficiency  to  that  of  calcium,  iron  and  potassium  per  Klein,  Andren,  et  al, 

'Pathways  of  Thirty-seven  Trace  Elements  Through  Coal-Fired  Power  Plant",  Environmental  Science  & 
Technology,  Vol.  9,  No.  10,  October  1975.  Therefore,  assumed  scrubber  efficiency  similar. 
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5A.5  SUMMARY  OF  EMISSIONS 

Table  5A-15  is  a  compilation  of  all  the  emission  estimates  developed  in  this  section 
including  the  organic  emission  estimates,  which  were  based  on  the  analysis  in  Appendix  5B. 
The  emissions  were  converted  to  mass-per-unit  time  using  the  projected  waste  feed  rate 
(10,325  lb/hr)  and  annual  operating  schedule  (7,000  hours  per  year)  for  the  RMA  facility. 
These  rates  were  used  to  determine  the  predicted  ambient  concentrations  and  deposition 
rates. 
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TABLE  5A-15 

EMISSION  RATES  FOR  ROCKY  MOUNTAIN  ARSENAL 
BASIN  F  WASTE  SUBMERGED  QUENCH  INCINERATOR 


Category/ 

Pollutant 

(tonjyr) 

Base  Case  (a) 

( Ib/hr ) 

(g/sec)  (c) 

(ton/yr) 

Sensitivity  Case  (b) 

(lb/hr) 

(g/sec)  (c) 

Dioxins/Furans 

U.S.  EP A  TEF 

4.16E-09 

1.19E-09 

1.50E-10 

6.63E-0 8 

1.90E-0 8 

2.39E-09 

Metals 

Aluminum 

1.80E-02 

5.15E-03 

6.49E-04 

2.50E-02 

7.14E-03 

8.99E-04 

Antimony 

6.34E-04 

1.81E-04 

2.28E-05 

1.35E-03 

3.85E-04 

4.85E-05 

Arsenic 

3.59E-03 

1.03E-03 

1.29E-04 

8.67E-03 

2.48E-03 

3.12E-04 

Barium 

8.79E-04 

2.51  E-04 

3.16E-05 

8.79E-04 

2.51E-04 

3.16E-05 

Beryllium 

3.66E-05 

1.05E-05 

1.32E-06 

720E-05 

2.06E-05 

2.59E-06 

Boron 

2.68E-02 

7.65E-03 

9.63E-04 

3.63E-02 

1.04E-02 

1.31E-03 

Cadmium 

5.62E-04 

1.61E-04 

2.02E-05 

2.17E-03 

620E-04 

7.8IE-05 

Calcium 

1.54E-01 

4.39E-02 

5.53E-03 

2.93E-01 

8.36E-02 

1.05E-02 

Chromium 

2.47E-04 

7.05E-05 

8.88E-06 

3.32E-04 

9.49E-05 

120E-05 

Cobalt 

7.89E-04 

2.25E-04 

2.84E-05 

8.13E-04 

2.32E-04 

2.93E-05 

Copper 

3.35E+00 

9.59E-01 

121E-01 

6.35E+00 

1.82E+00 

2.29E-01 

Iron 

4.77E-02 

1.36E-02 

1.72E-03 

8.13E-02 

2.32E-02 

2.93E-03 

Lead 

1.12E-Q3 

321  E-04 

4.05E-05 

2.17E-03 

6.20E-04 

7.81E-05 

Lithium 

1.10E-04 

3.14E-05 

3.96E-06 

2.07E-04 

5.92E-05 

7.45E-06 

Magnesium 

1.43E-01 

4.08E-02 

5.14E-03 

2.39E-01 

6.81E-02 

8.59E-03 

Manganese 

6.16E-03 

1.76E-03 

2.22E-04 

6.93E-03 

1.98E-03 

2.50E-04 

Mercury 

9.93E-04 

2.84E-04 

3.57E-05 

1.49E-03 

425E-04 

5.35E-05 

Molybdenum 

L10E-02 

3.15E-03 

3.97E-04 

1.14E-02 

325E-03 

4.09E-04 

Nickel 

2.86E-02 

8.18E-03 

1.03E-03 

2.97E-02 

8.49E-03 

1.07E-03 

Potassium 

L14E+00 

3.25E-01 

4.09E-02 

2.54E+00 

7.24E-01 

9.13E-02 

Selenium 

9.20E-03 

2.63E-03 

3.31E-04 

920E-03 

2.63E-03 

3.31E-04 

Silicon 

1.58E-01 

4.52E-02 

5.70E-03 

1.89E-01 

5.41E-02 

6.81E-03 

Silver 

9.52E-05 

2.72E-05 

3.43E-06 

1.03E-04 

2.96E-05 

3.72E-06 

Sodium 

6.49E+01 

1.85E+01 

2.34E+00 

5.56E+02 

1.59E+02 

2.00E+01 

Strontium 

3.66E-05 

1.05E-05 

1.32E-06 

5.66E-05 

1.62E-05 

2.04E-06 

Thallium 

9.25E-03 

2.64E-03 

3.33E-04 

9.25E-03 

2.64E-03 

3.33E-04 

Tin 

8.09E-03 

2.31E-03 

2.91  E-04 

8.79E-03 

2.51E-03 

3.16E-04 

Titanium 

6.10E-05 

1.74E-05 

2.20E-06 

1.07E-04 

3.07E-05 

3.87E-06 

Vanadium 

2.34E-03 

6.68E-04 

8.42E-05 

2.62E-03 

7.49E-04 

9.44E-05 

Yttrium 

NA 

NA 

NA 

2.14E-05 

6.11E-06 

7.70E-07 

Zinc 

1.63E-02 

4.65E-03 

5.86E-04 

3.34E-02 

9.54E-03 

120E-03 

Organic 

1 ,1  -Dichloroethene 

6.53E-07 

1.87E-07 

2.35E-08 

1 ,2-Dichloroethene 

5.99E-08 

1.71E-08 

2.16E-09 

1 ,2-Dichloropiopane 

1.60E-06 

4.58E-07 

5.77E-08 

1 ,3-Dimethy  lbenzene 

2.09E-07 

5.96E-08 

7.51E-09 

Acetone 

5.61E-06 

1.60E-06 

2.02E-07 

Ammonia 

1.68E-01 

4.79E-02 

6.03E-03 

Benzene 

3.82E-07 

1.09E-07 

1.37E-08 

Bromomethane 

2.60E-08 

7.43E-09 

9.36E-10 

Carbon  Tetrachloride 

4.34E-07 

1.24E-07 

1.56E-08 

Chlorobenzene 

1.15E-07 

3.29E-08 

4.15E-09 

Chloroform 

7.50E-07 

2.14E-07 

2.70E-08 

Dicyclopentad  iene 

1.60E-07 

4.57E-08 

5.76E-09 

Ethylbenzene 

2.38E-07 

6.79E-08 

8.55E-09 

Methanol 

1.38E-02 

3.94E-03 

4.96E-04 

Methylene  Chloride 

7.29E-06 

2.08E-06 

2.62E-07 

Tetrachlorethene 

3.93E-07 

1.12E-07 

1.42E-08 

Toluene 

6.83E-08 

1.95E-08 

2.46E-09 

Trichloroethene 

1.28E-06 

3.66E-07 

4.62E-08 

Xylene 

7.59E-07 

2.17E-07 

2.73E-08 

4-Chlorophenylmethylsulfone 

3.94E-04 

1.13E-04 

1.42E-05 

4-Chlorophenylmethylsulfoxide 

4.86E-05 

1.39E-05 

1.75E-06 
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TABLE  5A-15 

EMISSION  RATES  FOR  ROCKY  MOUNTAIN  ARSENAL 
BASIN  F  WASTE  SUBMERGED  QUENCH  INCINERATOR 

(continued) 


Category/ 

Pollutant 

( ton/yr ) 

Base  Case  (a) 
(lb/hr) 

(g/sec)  (c) 

Sensitivity  Case  fb) 

(ton/yr)  (lb/hr)  (g/sec)  (c) 

Organic 

4-Nitrophenol 

3.02E-05 

8.62E-06 

1.09E-06 

Aldrin 

3.63E-06 

1.04E-06 

1.31  E-07 

Atrazine 

7.95E-07 

2.27E-07 

2.86E-08 

Hydrogen  Cyanide 

3.38E-06 

9.66E-07 

1.22E-07 

Dieldrin 

7.44E-07 

2.13E-07 

2.68E-08 

Diisopropyl  Methylphosphonate 

1.25E-04 

3.58E-05 

4.50E-06 

Dimethyl  Methylphosphonate 

3.09E-03 

8.83E-04 

1.11E-04 

Dimethyldisulfide 

3.61E-04 

1.03E-04 

1.30E-05 

Dithiane 

126E-07 

3.61E-08 

4.55E-09 

Endrin 

7.23E-07 

2.07E-07 

2.60E-08 

Hexachlorocyclopentadiene 

6.69E-06 

1.91E-06 

2.41  E-07 

Isodrin 

1.88E-06 

5.38E-07 

6.78E-08 

Malathion 

2.93E-06 

8.36E-07 

1.05E-07 

Parathion 

3.98E-07 

1.14E-07 

1.43E-08 

Supona 

1.23E-06 

3.51E-07 

4.42E-08 

Urea 

5.17E-01 

1.48E-01 

1.86E-02 

Vapona 

3.22E-06 

9.19E-07 

1.16E-07 

p,p-DDE 

3.94E-07 

1.13E-07 

1.42E-08 

p,p-DDT 

1.23E-06 

3.51E-07 

4.42E-08 

PICs  with  Specific  Precursors 

Vinyl  Chloride 

7.07E-04 

2.02E-04 

2.55E-05 

Methyl  Chloride 

7.03E-04 

2.01E-04 

2.53E-05 

Styrene 

7.05E-04 

2.01E-04 

2.54E-05 

Phenol 

3.81  E-03 

1.09E-03 

1.37E-04 

Benzaldehyde 

7.32E-04 

2.09E-04 

2.64E-05 

Benzoic  Acid 

3.54E-04 

1.01E-04 

1.27E-05 

Acetonitrile 

3.38E-06 

9.66E-0  7 

1.22E-07 

Acrylonitrile 

3.38E-07 

9.66E-08 

1.22E-08 

Cyanogen 

3.38E-08 

9.66E-09 

1.22E-09 

Hexachlorobenzene 

2.40E-06 

6.87E-07 

8.66E-08 

Pentachlorobenzene 

1.07E-06 

3.07E-07 

3.87E-08 

Tetra  chlorobenzene 

4.54E-07 

1.30E-07 

1.63E-08 

Trichlorobenzene 

2.41  E-07 

6.89E-08 

8.68E-09 

Dichlorobenzene 

1.29E-07 

3.68E-08 

4.64E-09 

Biphenyl 

3.56E-04 

1.02E-04 

1J28E-05 

4-Chlorobiphenyl 

2.38E-03 

6.79E-04 

8.55E-05 

4,4-Chlorobiphenyl 

4.47E-05 

1.28E-05 

1.61E-06 

Benzonitrile 

3.38E-07 

9.66E-08 

1.22E-08 

Pyridine 

3.38E-08 

9.66E-09 

1J22E-09 

Carbazole 

6.76E-08 

1.93E-08 

2.43E-09 

Quinoline 

1.69E-07 

4.83E-08 

6.09E-09 

PICs  without  Specific  Precursors 

Benzofuran 

1.40E-03 

4.01E-04 

5.06E-05 

Dibenzofuran 

7.02E-05 

2.01E-05 

2.53E-06 

Acenaphthalene 

3.51E-04 

1.00E-04 

1.26E-05 

Acenaphthene 

3.51E-04 

1.00E-04 

1.26E-05 

Fluoranthene 

2.11E-04 

6.02E-05 

7.58E-06 

Phenanthrene 

1.40E-04 

4.01E-05 

5.06E-06 

Pyrene 

7.02E-05 

2.01E-05 

2.53E-06 

Fluorene 

7.02E-05 

2.01E-05 

2.53E-06 

Benzo(a)pyrene 

7.02E-05 

2.01E-05 

2.53E-06 

Dibenzo(a)anthracene 

7.02E-05 

2.01E-05 

2.53E-06 

Chiysene 

7.02E-05 

2.01E-05 

2.53E-06 

- - - 
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TABLE  5 A- 15 

EMISSION  RATES  FOR  ROCKY  MOUNTAIN  ARSENAL 
BASIN  F  WASTE  SUBMERGED  QUENCH  INCINERATOR 

(continued) 


Category/ 

Pollutant 

(ton/yr) 

Base  Case  (a) 
(Ib/hr) 

(g/sec)  (c) 

(ton/yr) 

Sensitivity  Case  fb) 

(Ib'/hr) 

(g/sec)  (c) 

Acid  Gases  &  Other  Compounds 

Particulate  Matter 

1400 

(d) 

400 

0.50 

1400 

4.00 

0.50 

Carbon  Monoxide 

471 

1.35 

0.17 

7.29 

(ft 

2.08 

0.26 

Hydrogen  Chloride 

473 

(e) 

1.35 

0.17 

1400 

(g> 

400 

0.50 

Hydrogen  Fluoride 

5.23 

1.494 

0.188 

15.35 

4.385 

0.552 

Nitric  Acid 

3.85 

1.10 

0.14 

3.85 

1.10 

0.14 

Nitrogen  Dioxide 

32.13 

9.18 

1.16 

143.22 

(g) 

40.92 

5.16 

Phosphate 

1.77 

0.51 

0.06 

3.51 

1.00 

0.13 

Sulfuric  Acid 

10.40 

2.97 

0.37 

17.34 

496 

0.62 

Sulfur  Dioxide 

2443 

(e) 

6.98 

0.88 

101.50 

(g> 

29.00 

3.65 

(a)  These  estimates  are  based  upon  the  acceptable  results  during  the  test  bum  for  dioxins /furans  and  the  maximum  of  the  acceptable 
test  results  or  the  maximum  of  the  averages  waste  stream  data  for  inorganics  (including  metals,  acid  gases  and  other  compounds). 

The  volatile  and  semi-volatile  organic  emissions  are  based  upon  Dellinger's  analysis  of  the  maximum  of  the  averages  wastestream  data. 

(b)  For  metals:  based  upon  the  maximum  value  of  the  test  results  from  the  test  bum,  the  maximum  of  the  maximum  values  from  the 
wastestream  data,  and  the  EPA  Guidance  Tier  II  limits  for  complex  terrain. 

For  dioxins/furans:  based  upon  the  95%  confidence  interval  from  WESTON's  hazardous  waste  incinerator  emissions  database. 

For  acid  gases  &  other  compounds:  based  upon  the  maximum  value  of  the  test  results  from  the  test  bum  and  the  maximum  of  the 
maximum  values  from  the  wastestream  data. 

(c)  Assuming  7000  operating  hours  per  year. 

(d)  Based  upon  Colorado's  emission  limitation  of  0.08  gr/dscf  @  12%  C02. 

(e)  Based  upon  the  February  1989  test  bum,  which  tested  for  the  specific  compound. 

(f)  Based  upon  Federal  emission  limitation  of  100  ppm 

(g)  Based  upon  vendor  performance  guarantees. 
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APPENDIX  5B 


ESTIMATE  OF  ORGANIC  MASS  EMISSION  RATES  FROM 
INCINERATION  OF  BASIN  F  LIQUIDS 


Estimate  of  Organic  Mass  Emission  Rates 
from  the  Incineration  of 
Basin  F  Liquids 


prepared  by: 
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October  27,  1990 


5B-1 


Based  on  the  estimated  feed  composition  furnished  by  Mr.  Paul  Siebert  of 
Weston  inc.,  an  estimate  of  the  organic  emissions  from  the  controlled 
incineration  of  Basin  F  liquids  has  been  prepared.  The  difficulties  in  making 
accurate  predictions  of  mass  emission  rates  of  organic  pollutants  is  well 
documented.  However,  by  making  some  reasonable  assumptions  it  is 
possible  to  prepare  an  estimate  of  the  relative  emission  rates  of  organic 
compounds,  both  Principal  Organic  Hazardous  Constituents  (POHCS)  and 
Products  of  incomplete  Combustion  (PICs).  These  relative  emission  rates 
can  then  be  converted  to  absolute  emission  rates  by  “normalizing"  these 
estimated  emissions  to  actual  measurements  on  the  incinerator  for  a  few 
selected  compounds.  When  these  measurements  are  not  available,  one  can 
alternatively  use  the  current  EPA  emissions  regulations  as  a  calibration 
technique. 

The  relative  emission  estimate  identifies  the  theoretically  most 
stable  POHC,  assuming  its  ORE  to  be  99.991  (the  worst  allowable  case),  the 
relative  emission  rate  of  every  other  POHC  and  PiC  in  the  estimate  may  be 
ratioed  to  the  emission  rate  of  the  most  stable  POHC  to  give  calibrated 
emission  rates  for  all  of  the  potential  emissions.  These  calibrated 
emission  rates  can  then  be  used  in  conjunction  with  conventional  risk 
assessment  techniques  to  estimate  the  health  risks  due  to  the  stack 


emissions. 

The  following  paragraphs  summarize  the  general  scientific  approach 
used  to  develop  the  relative  emission  rate  data  for  POHCs  and  PICs.  This  is 
a  very  complex  subject  and  a  detailed  discussion  of  the  estimate  of  the 
emission  rate  for  each  compound  is  beyond  the  scope  of  this  report. 
However,  a  short  discussion  of  the  emissions  estimation  procedure  for 
several  compounds  of  special  interest  based  on  various  criteria  is  included. 
Polychlorinated  dibenzo-p-dioxin  and  furans  are  not  included  in  the 
emissions  estimate  because  of  their  predicted  ultra-trace  yields  for  the 
compounds  listed  in  the  Basin  F  liquids. 

At  the  conclusion  of  the  report,  a  brief  discussion  of  the  results  of 
this  emissions  estimate  versus  emissions  measurements  from  other  full 
scale  facilities  is  presented.  Appendix  1  presents  the  final  emissions 
estimation  results.  The  key  to  the  table  displays  the  actual  calculation 
procedure  used  to  obtain  the  relative  emission  rate  estimates  and  the  final 
calibrated  or  normalized  emissions  estimate.  Appendix  2  contains  the 
estimated  PIC  yields  for  input  into  the  emissions  estimate  in  Appendix  1. 


BACKGROUND 


Calculations  and  experimental  observations  have  shown  that  the 
emissions  of  undestroyed,  residual  POHCs  are  kineti sally,  not 
thermodynamically  controlled.  11,2]  The  destruction  efficiency  (DE)  of 
POHCs  is  dominated  by  the  temperature,  time,  and  reaction  atmosphere 
experienced  by  the  POHCs  in  the  high  temperature  zones  of  incinerators. 

Thus  determination  of  the  exact  time,  temperature,  and  reaction  atmosphere 
history  of  all  the  molecules  in  an  incinerator  is  necessary  to  determine  the 
actual  DE  of  a  POHC.  This  type  of  information  is  ,  of  course,  not  currently 
available.  However,  less  information  is  required  to  estimate  the  relative  DE 
of  potential  POHCS. 

Simple  conceptual  and  more  complex  computer  models  suggest  that 
the  gas-phase  residence  time,  temperature,  and  reaction  atmosphere  in  the 
post-flame  or  thermal  zones  of  incinerators  control  the  relative  emissions 
of  most  POHCs.  [3-5]  The  basic  reasoning  behind  this  is  that  all  molecules 
entering  the  flame  zone  of  an  incinerator  are  essentially  destroyed  and  only 
the  small  fraction  of  the  material  escaping  the  flame  zone  may  be  emitted 
for  the  facility.  Various  flame  zone  “failure  modes"  exist  which  may  cause 
residual  POHCs  to  be  emitted.  Once  in  the  post-flame  zone,  gas-phase 
thermal  decomposition  kinetics  controls  the  rate  of  POHC  destruction  and 
formation  and  destruction  of  PICs. 

Calculations  using  available  kinetic  data  indicate  that  the  emissions 
observed  from  full  scale  incinerators  are  several  orders  of  magnitude  higher 
than  those  calculated  using  oxidation  kinetics  and  residence  times  and 
temperatures  anywhere  near  the  mean  values  in  the  post-flame  zone  of  the 
incinerator.  [6]  This  suggests  that  oxygen  depleted  pathways  must  be 
responsible  for  most  POHC  and  PIC  emissions  since  the  rate  of  POHC 
destruction  is  significantly  slowed  and  the  rate  of  PIC  formation  is 
increased  under  pyrolysis. 

Even  though  the  facility  may  be  operating  under  nominally  excess  air 
conditions,  poor  mixing  will  result  in  oxygen-deficient  pockets  where  the 
rate  of  POHC  destruction  is  low  arid  PIC  formation  is  favored.  Consequently, 
it  is  believed  that  gas-phase  thermal  stability  under  sub-stoichiometric 
oxygen  conditions  may  be  an  effective  predictor  of  POHC  relative 
incinerability. 

A  recent  study  compared  the  incinerability  predictions  of  several 
proposed  POHC  ranking  methods  with  results  of  10  pilot  or  full-scale  test 
burns.  [6]  The  ranking  methods  include  heat  of  combustion,  autoignition 
temperature,  ignition  delay  time,  flame  failure  modes,  theoretical  flame 
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mode  kinetics,  thermal  stability  of  pure  compounds  under  excess  air 
conditions.,  thermal  stability  of  mixtures  under  oxidative  conditions,  and 
thermal  stability  of  mixtures  under  oxygen-starved  conditions. 
Correlations  of  the  prediction  of  the  rankings  with  field  results  were  poor 
except  for  thermal  stability  of  mixtures  under  oxygen-starved  conditions. 
Although  the  laboratory  data  base  used  to  predict  full-scale  POHC  DREs 
were  very  limited,  statistically  significant  correlations  in  7  of  10  cases 
were  observed  using  this  ranking  approach.  The  results  of  this  comparison 
along  with  theoretical  considerations  suggest  that  pyrolysis  kinetics  may 
be  used  to  develop  relative  mass  emission  rate  estimates  (i.e.  ranking  of 
incinerability).  Experimental  studies  have  recently  been  undertaken  to 
obtain  stability  data  for  Appendix  VIII  compounds  using  this  approach.  [7] 

POHC  STABILITY 

In  most  general  terms,  the  decomposition  of  a  molecule  can  be 
initiated  by  either  radical  attack  (i.e.,  bimolecular  pathway)  or  by  ari 
internal  redistribution  of  enerau  such  that  the  molecule  decomposes  or 

W 

rearranges  (i.e.,  unimolecular  pathway). 

Unimolecular  reactions  can  be  further  subclassified  into  bond 
homolysis,  which  involves  breaking  of  the  weakest  bond,  and  concerted 
elimination,  which  involves  an  internal  rearrangement  and  elimination  of  a 
stable  species  such  as  HC1,  H20,  or  C02.  [8] 

An  example  of  bond  homolysis  is  carbon-chlorine  bond  rupture  in 
carbon  tetrachloride  by  reaction  1. 


•COJ  +  a 


{  ruvi 
All. 


1  t 
1  / 


This  reaction  involves  breaking  of  a  relatively  low  energy  bond  of 
approximately  70  kcal/mole.  Other  Appendix  Viil  organics  such  as  nitrogly¬ 
cerine,  tetranitrornethane,  hydrazine,  methyl  hydrazine,  t ,  1  ..dimethyl hydra¬ 
zine  are  documented  to  proceed  by  bond  homolysis.  Many  other  compounds 
such  as  difluorodichloromethane,  hexachloroethane,  and  benzenethiol  are 
expected  to  decompose  largely  by  bond  homolysis. 

Concerted  eliminations  largely  fall  into  two  categories,  four  center 
processes  and  six-center  processes.  An  interesting  example  of  a  four- 
center  process  is  the  decomposition  of  hexachlorocyclohexane  depicted  in 
reaction  2. 
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This  pathway  which  results  in  ethylene  and  tri chlorobenzene  formation  is 
expected  to  have  a  very  low  activation  energy  of  about  55  kcal/mole. 
Practically  any  organic  molecule  with  hydrogen  and  chlorine  atoms  on 
carbons  connected  by  a  single  bond  will  undergo  this  type  of  process.  Thus, 
species  such  as  1,1-dichloropropane,  2,2-dichloropropane;  and  1,1,1- 
triehloroethane  are  known  to  undergo  this  process.  Many  other  Appendix  VIII 
organics  are  suspected  of  decomposing  through  this  pathway. 

The  best  documented  examples  of  molecules  undergoing  six  -center 
concerted  elimination  are  secondary  esters.  An  example  of  this  process  is 
the  decomposition  of  diethyl  phthalate  shown  in  reaction  3. 


These  reactions  have  activation  energies  on  the  order  of  45-50  kcal/mole 
and  are  consequently  very  fast.  Almost  all  of  the  phthalates  listed  in 
Appendix  VIII  can  decompose  by  this  mechanism  and  are  consequently 
considered  quite  fragile.  Other  classes  of  molecules  are  isoelectronic  with 
organic  esters  and  are  suspected  of  proceeding  by  similar  pathways.  These 
types  of  compounds  include  phosphoric  acid  esters,  sulfonates,  some 
amides,  and  thioesters. 

Other  compounds  may  undergo  more  rare  three-center  processes.  The 
best  documented  example  of  a  possible  three-center  decomposition  of  an 
Appendix  V!  1 1  molecule  is  the  decomposition  of  chloroform  shown  in 
reaction  4  h — a 

chci3 — >  /c^ - >=ca2  +  hci  (rxn 
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Bimolecular  reaction  pathways  involving  radical  attack  may  be 
largely  subdivided  into  three  classes;  atom  metathesis,  electrophilic 
addition,  and  displacement.  An  example  of  an  Appendix  VIII  organic 
suspected  of  decomposing  by  simple  hydrogen  abstraction  is 
trichloroethylene,  (see  rxn.  5) 


♦  OH  — > 


CKC<«  *  V 


uxn.  z>} 


The  radical  Initiating  the  abstraction  may  in  principle  be  any  number  of 
species;  but  under  oxidative  conditions,  the  hydroxyl  radical  is  suspected  of 
being  the  dominant  reactive  radical.  Hydrogen  atoms  and  chlorine  atoms  are 
suspected  of  playing  a  larger  role  under  pyrolytic  conditions.  Some  possible 
pathways  may  be  eliminated  on  thermodynamic  grounds.  Halogenated  alkyls 
(that  cannot  undergo  bond  hemolysis  or  concerted  elimination)  may 
decompose  by  this  mechanism. 

Displacement  reactions  largely  involve  the  substitutions  of  one 
radical  for  another.  An  example  would  be  the  displacement  of  a  chlorine 
atom  by  a  hydrogen  atom  in  o-dichlorobenzene  (see  rxn.  6). 


The  rate  of  this  reaction  would  increase  with  increasing  chlorine 
substitution.  In  the  case  of  chlorobenzenes,  if  displacement  by  hydrogen 
atoms  dominates  over  addition  or  abstraction  by  hydroxyl  radical,  the 
relative  incinerability  rankings  would  be  reversed  from  that  predicted  from 
a  mechanism  based  on  hydroxyl  radical  attack. 

PIC  FORMATION  MECHANISMS 

From  a  purely  chemical  reaction  kinetic  viewpoint,  one  may  classify 
known  mechanisms  of  PIC  formation  into  three  general  groups;  1)  concerted 
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molecular  eliminations,  2)  radical -molecule  reactions,  and  3)  radical -atom 
or  radical-radical  recombination  reactions.  As  illustrated  in  Table  1,  these 
mechanisms  occur  in  different  regions  of  the  incinerator  and  can  result  in 
PICs  of  different  structure  and  stability.  Conseguently,  the  nature  of  P ICs 
formed  and  their  potential  destruction  will  be  dependent  on  the  different 
exposure  conditions.  The  reaction  rates  for  PIC  formation  processes 
increase  from  zero-  to  second-order  in  the  radical  concentration  as  one 
proceeds  from  mechanism  1  to  mechanism  3.  Thus,  stoichiometry  and 
elemental  composition  of  the  waste/fuel  feed  may  significantly  impact  PIC 
yields  for  radical-molecule  and  radical-radical  reaction  pathways. 


TABLE  1 

DESCRIPTION  OF  HAZARDOUS  WASTE  INCINERATOR  PIC  FORMATION 
ZONES  AND  DOMINANT  PIC  FORMATION  MECHANISMS 


ZONE 

REACTION  CONDITIONS 

P!C  MECHANISMS3 

Preflame  Zone 

T=  200-1 000°C 

Mechanism  1b 

R.T.  <  1  s 

Mechanism  2C 

[02]=  0-50%  EA* 

Mechanism  3^ 

Flame  Zone 

T=1 000-1 800*C 

Mechanism  2 

R.T.  <  1  s 

Mechanism  1 

[02]  =  50%  EAe 

Mechanism  3 

Postflame  Zone 

T=  600-1 100°C 

Mechanism  2 

f  afterburner! 

R.T.  =  1-3  s 

Mechanism  1 

[02]  =50-1 00%  EAe 

Mechanism  3 

Cool  Zone 

T=  80-600°C 

Mechanism  3 

(APCD  and  stack) 

R.T.  =  2-20  s 
[02]  =3-9% 

aPiC  formation  mechanisms  listed  in  decreasing  order  of  importance, 
fc Concerted  molecular  elimination  reactions. 
cRadical-molecule  reactions. 

^Radical-atom  or  radical-radical  recombination  reactions. 

^Average  values;  localized  deviations  due  to  poor  mixing  can  result  in  pyrolytic 
conditions. 
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Concerted  molecular  elimination  to  form  stable  PiCs  is  a  subclass  of 
uni  molecular  reactions,  viz.,  reactions  only  involving  the  parent  compound. 
Since  a  second  molecule  or  radical  is  not  involved  in  the  reaction,  the  PIC 
yield  is  dependent  only  upon  time,  temperature  and  the  Arrhenius 
parameters  of  the  molecular  elimination  reaction: 


%P\C  YIELD  =  [PIC]/[P0HC]  x  100  =  100[1-exp{-At  exp  (-Ea/RT)}]  (Eqn.  1) 


where:  [POHC]  =concentration  of  the  parent  POHC;  [PIC]  = 
concentration  of  the  PIC;  t  =  reaction  time;  A  =  Arrhenius  coefficient 
for  the  reaction;  Ea  =  the  activation  energy  for  the  reaction;  T  =  the 
reaction  temperature;  and  R  =  the  universal  gas  constant. 


Kinetic  parameters  for  many  reactions  of  this  type  have  been  tabulated.  [8] 
The  reaction  rates  for  these  molecules  are  all  energetically  favorable  under 
incineration  conditions  with  an  extent  of  reaction  greater  than  99$  at 
temperatures  below  700  C.  Because  these  PIC  formation  pathways  occur  so 
rapidly,  the  resultant  PIC  can  experience  almost  the  full  gas-phase 
residence  time  experienced  by  the  parent  POHC.  Thus,  PICs  produced  by 
molecular  elimination  may  undergo  decomposition  resulting  in  secondary 
PIC  formation,  or  the  reaction  may  proceed  to  the  formation  of 
thermodynamically  stable  combustion  products. 

Examples  of  bimolecular  reactions  that  result  in  stable  PIC  formation 
are  radical -molecule  reactions.  Once  the  decomposition  of  the  parent  POHC 
is  initiated  and  a  pool  of  reactive  radicals  is  formed,  radical -molecule 
reactions  will  usually  be  the  dominant  pathway  for  PIC  formation. 

Hydroxyl  (OH)  radicals  are  the  dominant  reactive  species  under 


stoichiometric  and  oxidative  conditions,  while  H  atoms  are  the  dominant 
reactive  species  under  pyrolytic  conditions.  In  addition,  polyatomic  organic 
radicals  are  also  believed  to  play  an  important  role  in  the  formation  of  PICs 
that  are  of  higher  molecular  weight  than  the  parent  compound. 

Figure  1  illustrates  the  formation  of  several  of  the  major  products 
from  the  decomposition  of  chloroform  (CHC13)  under  50&  excess  air 
conditions.  Of  particular  interest  is  the  formation  hexachlorobenzene 
(C8C16)  which  is  stable  at  high  temperatures  and  is  formed  in  percent 
yields.  A  mechanism  has  been  proposed  where  CHC13  rapidly  forms  C2HC15, 
which  decomposes  to  produce  C2C14  and  trichloroethene  (C2HC13).  [9]  This 


is  followed  by  a  radical-molecule  mechanism  resulting  in  the  formation  of 
C6C15  from  C2HC13  through  experimentally  observed  intermediates  such  as 
dichloroacetylene  (C2C12)  and  1,3-hexachlorobutadiene  CC4C16). 

it  should  be  recognized  that  since  the  rate  of  PIC  formation  is 
dependent  on  the  concentration  of  both  the  radical  and  molecule  reaction 
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partners.,  the  observed  PIC  yield  will  generally  increase  with  increasing 
waste  feed  rate.  It  is  also  important  to  note  that  many  reaction  steps  may 
be  required  for  the  formation  of  given  PIC,  e.g.  C6C16.  Thus,  the  high- 
temperature,  gas-phase  residence  time  may  be  very  short  for  such  PICs,  and 
their  DE  be  much  less  than  expected  based  on  the  full  residence  time  in  the 
incinerator.  This  is  in  contrast  to  PICs  formed  by  concerted  molecular 
elimination  and  suggests  that  for  identical  PIC  formation  yields  for  these 
pathways,  the  radical -molecule  route  will  result  in  greater  PIC  emission 
rates. 


TEMPERATURE  <°C) 


Recombination  reactions  of  radicals  or  atoms  to  form  stable 
molecules  are  expected  to  occur  only  when  molecule  concentrations  are  very 
low  or  radical  concentrations  are  high.  These  reaction  rates  are  second 
order  with  respect  to  radical  concentration  and  are  temperature  independent 
or  exhibit  small  negative  temperature  dependencies.  Since  radical 
concentrations  in  the  combustion  zone  are  at  least  a  factor  of  100  times 
less  than  stable  molecule  concentrations,  it  can  be  shown  that  the  overall 
forward  reaction  rate  for  radical-molecule  reactions  are  typically  greater 
than  50  times  the  radical -radical  reaction  rates  at  temperatures  in  excess 
of  1200  C.  At  lower  temperatures,  e.g.  800  C,  due  to  the  higher  activation 
erierou  for  the  radical -molecular  reactions,  the  ratio  of  rates  decreases  to 
about  iO.  Since  product  distributions  are  exponentially  dependent  on  the 
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reaction  rate,  radical -molecule  reactions  are  clearly  kinetically  favored 
routes  as  compare  to  recombination  reactions  at  temperature  qreater  the 
600  C. 

Once  in  the  cool  zone,  temperatures  may  be  sufficiently  low  that 
radical-molecule  reactions  with  stable  combustion  endproducts  now  present 
in  high  concentrations,  e.g.  C02,  H20,  and  HC1,  occur  at  a  much  slower  rate. 
As  a  result,  radical-radical  recombination  routes  may  now  become 
kinetically  significant.  If  the  temperature  is  rapidly  quenched  downstream 
of  the  post-flame  zone,  the  concentrations  of  these  radicals  may  be 
predicted  from  equilibrium  calculations  at  the  temperature  just  upstream 
of  the  quenching  boundary.  With  this  information,  the  recombination  product 
concentrations  downstream  of  the  quenching  boundary  can  be  generally 
related  to  the  predicted  radical  concentrations.  Once  formed,  these 
molecules  are  not  subjected  to  high  temperatures  and  may  exit  the 
incinerator  undestroyed. 

SPECIFIC  EXAMPLES  FOR  THE  BASIN  F  LIQUID 

Several  specific  examples  have  been  selected  for  more  detailed 
discussion  of  their  origin  and  fate  for  the  Basin  F  liquid.  These  compounds 
were  selected  to  be  of  interest  due  to  3  factors:  toxicity,  high  predicted 
relative  mass  emission  rate,  and  prevalence  in  emissions  from  other 
incinerators.  A  brief  discussion  of  the  organic  mass  emissions  estimate 
follows. 

Hexachlorobenzene  -  Once  formed,  hexachlorobenzene  is  expected  to 
be  a  very  stable  compound  due  to  its  resistance  to  oxidative  attack  by 
hydroxyl  radical.  [4]  It  has  also  been  shown  to  be  formed  from  the  thermal 
degradation  of  chloroform,  carbon  tetrachloride,  and  tetrachloroethene  in 
laboratory  studies  [8,9]  A  simple  mechanism  for  its  formation  from 
chloroform  was  delineated  in  the  previous  paragraphs  of  this  report.  The 
highly  chlorinated  pesticides  Aldrin,  Dieldrin,  Endrin,  hexachlorocyclo- 
pentadiene  ,  and  Isodriri  are  expected  to  form  hexachlorobenzene  in  moderate 
yields  from  a  primarily  unimolecular  mechanism. 

Penta-.  tetra-.  tri-.  and  di -chlorinated  benzenes  -  The  chlorobenzenes 
are  formed  primarily  through  the  same  mechanisms  as  hexachlorobenzene. 
The  hexachlorobenzene  initially  formed  is  successively  dechlorinated  by  the 
favorable  displacement  of  chlorine  by  hydrogen  atoms.  For  trichlorobenzene 
and  di  chlorobenzene,  additional  routes  for  formation  are  available  from 
molecular  growth  pathways  from  1,1-dichloroethene  and  1,2- 
dichloroethene. 

Vinul  Chloride  -  Vinyl  chloride  is  expected  to  be  formed  from  a 
number  of  the  waste  feed  components  in  relatively  low  yields.  It  is  most 
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readily  formed  from  1,1-dichlorethene  and  1,2-dichloroethene  by  chlorine 
displacement  by  hydrogen  atoms. 

Acetonitrile  and  Acrulonitrile  -  The  stability  of  the  nitrile  radical  is 
expected  to  be  largely  responsible  for  the  formation  of  these  compounds. 
The  nitrile  radical,  which  can  be  liberated  by  hydrogen  abstraction  from 
hydrogen  cyanide,  can  readily  recombine  with  methyl  radicals  or  vinyl 
radicals  in  the  cool  zones  of  the  incinerator  to  form  acetonitrile  and 


acrulonitrile  resnectivelu. 

Benzene  -  Benzene  has  been  shown  to  be  very  stable  under  pyrolytic 
conditions.  [73  its  estimated  stability  as  a  POHC  was  determined  using 
actual  laboratory  data.  Because  of  its  kinetic  and  thermodynamic  stability, 
it  can  be  readily  formed  as  a  PIC  from  many  sources.  Its  major  route  of 
formation  in  the  waste  is  expected  to  be  via  a  displacement  reaction  of 
vinyl,  methyl,  chloro  and  other  substituent  groups  by  hydrogen  atoms  from 
species  such  as  styrene,  toluene,  xylene,  chlorobenzene  etc.  in  addition,  a 
relatively  large  yield  by  unspecified  pathways  has  been  included  for 
formation  from  the  organic  waste  matrix.  Mechanisms  for  its  formation  via 
molecular  growth  pathways  which  are  generally  analogous  to  that 
previously  described  for  hexachlorobenzene  can  result  in  benzene  formation 
from  simple  aliphatic  and  olefinic  hydrocarbons.  The  yield  used  for  this 
estimate  is  based  on  yields  and  mass  emission  rates  found  in  full  scale 
incineration  studies.  (1,10] 

Chlorobenzene  -  The  emission  of  chlorobenzene  is  predicted  based  on 
its  stability  as  a  POHC  and  potential  for  formation  in  relatively  low  yields 
from  a  number  of  components  of  this  waste  stream.  The  pesticides  Supona, 
DDE,  and  DDT  are  expected  to  form  chlorobenzene  in  high  yields  by  simple 
displacement  reactions  of  substuent  groups  by  hydrogen  atoms  to  directly 
form  chlorobenzene.  The  only  available  mode  for  its  destruction  under 
oxygen  starved  conditions  is  chlorine  displacement  by  hydrogen  atoms  which 
is  very  slow.  The  predicted  stability  is  based  on  laboratory  data.(7) 

1 , 1  -Dichloroethene  -  From  laboratory  studies,  1,1-dichloroethene  is 
known  to  form  from  the  thermal  degradation  of  methylene  chloride, 
tetrachloroethene,  and  trichloroethylene.  It  is  also  expected  to  be  readily 
formed  from  Aldrin,  Dieldrin,  and  Endrin.  However,  once  formed  it  is  not 


expected  to  be  particularly  stable,  its  low  pridected  DE  is  primarily  due  to 
its  very  low  feed  rate  in  combination  with  a  moderated  PIC  yield. 

Bromomethane  -  All  bonds  in  bromomethane  are  relatively  strong  and 
its  is  generally  resistant  to  radical  attack.  Its  emission  is  primarily  due  to 
its  thermally  refractive  nature. 


Tetrachloroethene  -  This  compound  has  been  previously  observed  in 
laboratory  studies  of  the  thermal  degradation  of  carbon  tetrachloride  and 
chloroform  in  large  yields.  [93  in  fact  it  is  the  major  product  from  these 
compounds,  and  once  formed  it  is  expected  to  be  very  difficult  to  destroy. 


5B-11 


i  oiuerie  -  i  oiuene  is  a  readiiu  formed  PiC  from  a  varietu  of 

-  -w* 

compounds,  its  mechanism  of  formation  is  similar  to  that  of  benzene  in 
that  it  is  expected  to  proceed  through  fast  molecular  growth  reactions.  In 
addition,  the  benzyl  radical  is  a  very  stable  radical  which  might  be  expected 
to  survive  the  combustion  zones  of  the  incinerator  and  form  toluene  in  the 
cool  zones  by  recombination  with  hydrogen  atoms.  Its  primary  mode  of 
formation  in  this  waste  stream  is  expected  to  be  very  fast,  favorable 
displacement  reactions  for  1,3-dimethylbenzene,  chlorobenzene, 
ethylbenzene,  arid  xulene.  In  these  reactions  hydrogen  atoms  would  displace 
rnethu,  chloro,  ethyl,  and  vinyl  substituents  respectively. 

Carbon  Tetrachloride  -  Carbon  tetrachloride  is  a  relatively  fragile 
POHC.  Laboratory  studies  have  shown  that  it  is  decomposed  by  greater  than 
99.99%  DE  at  temperatures  below  900  C.  17]  Consequently,  residual  POHC 
emissions  are  not  expected  for  this  or  any  other  moderately  well  operated 
incinerator.  However,  the  trichloromethyl  radical  is  a  stable  radical  and 
can  recombine  with  chlorine  atoms  in  cool  zones  of  the  incinerator.  For  this 
waste  stream,  chloroform,  methylene  chloride,  and  tetrachloroethene  are 
expected  to  be  the  major  sources  of  carbon  tetrachloride.  Carbon 
tetrachloride  has  been  demonstrated  in  laboratory  studies  to  be  formed  in 
moderate  yields  from  the  thermal  degradation  of  both  chloroform  and 
tetrachloroethene. 

Acenapthalene.  Acenaphthene.  Fluoranthene.  Phenanthrene.  Purene. 
Fluorene  Benzo-fal-pyrene.  Pi benzo-tal- Anthracene,  and  Chrusene  -  These 
nine  polynuclear  aromatic  hydrocarbons  (PNAs)  have  been  commonly 
observed  as  emissions  from  full  scale  hazardous  and  municipal  waste 
incinerators.  [1]  Their  formation  is  through  a  mechanism  similar  to  that 
described  for  benzene  (and  hexachlorobenzene)  and  generally  involves 
addition  of  substituted  vinyl  radicals  to  olefinic  substituents  on  already 
formed  aromatics.  These  are  complex  mechanisms  and  it  is  difficult  to 
predict  their  yields  accurately.  As  a  result  yields  and  mass  emission  rate 
were  based  on  full  scale  emission  measurements  and  general  principals  of 
reaction  kinetics.  [1,7,10]  The  emission  estimates  for  benzo-[a]-pyrene, 
diberizo-faj-anthracene,  and  chrysene  are  worst  case  estimates  based  on 
measured  emission  data  of  other  PNAs,  but  are  included  because  of  their 
relatively  high  carcinogenicity. 

EMISSION  MEASUREMENTS  AT  FULL  SCALE  INCINERATORS 

Full  scale  incinerator  emissions  measurements  have  resulted  in 
measured  PIC  to  POHC  emission  ratios  of  1:1  to  3:1.  Commonly  observed 
PiCs  have  been  chloroform,  carbon  tetrachloride,  bromoform,  other 
brorninated  and  chlorinated  methanes,  trichloroethane,  trichloroethylene, 
and  various  phthalates,  benzene,  and  toluene.  [1]  The  emissions  of  such 


5B-12 


compounds  as  chloroform,  bromoform,  1,1,1-trichloroethane  and  diethyl 
phthalte  appear  puzzling  at  first  because  they  are  all  known  to  be  very 
fragile  materials.  However,  the  emissions  of  brominated  compounds  from 
incinerators  which  are  not  reported  as  burning  brominated  wastes  is  very 
suggestive  of  an  alternative  source  of  introduction  of  these  pollutants. 

In  fact,  it  has  been  shown  that  many  of  these  halogenated  compounds 
are  commonly  found  as  contaminants  in  the  scrubber  inlet  water.  [1]  Since 
they  are  very  volatile,  they  can  be  volatilized  by  hot  combustion  gases  and 
stripped  into  the  flue  gas.  Trenholm  has  shown  that  in  many  cases  the 
quantities  of  these  compounds  in  the  scrubber  inlet  water  can  account  for 
all  of  the  observed  emissions.  Phthalates  are  common  plasticizers  and  can 
be  easily  introduced  as  sampling  or  analysis  artifacts.  They  have  been 
apparently  anamolously  observed  air  pollution  studies.  [10] 

Since  it  appears  that  these  compounds  are  not  produced  in  the 
combustion  system,  they  have  not  been  included  in  the  emissions  estimate. 
Measurement  or  estimation  of  volatile  halocarbons  in  the  scrubber  water 
must  be  made  as  a  first  step  to  estimating  this  potential  source  of 
emissions. 


5B-13 


footnotes  to  table  -  Estimate  of  Dream  c  Emissions 
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Compounds  and  feed  rate  furnished  by  R.F.  Weston 

Based  on  actual  laboratory  generated  experimental  thermal 

decomposition  data  or  extrapolated  based  on  theory.  D£  (Thermal)  is 

the  fleet n in t inn  efficiency  at  QOO  C  achieved  under  laboratory  non- 
.....  " 

flame  conditions  in  a  pyrolytic  atmosphere 

Based  on  the  assumption  that  95*  of  each  POHC  passes  through  the 

flame  and  is  completely  destroyed.  The  DE  of  the  remaining  11  which  is 

destroyed  in  the  post-flame  zone  is  assumed  to  be  equal  to  DE  (Thermal) 

Theoretical  DE  at  900C=  99.0000+0.0 i*DE(Therma!) 

Emission  Rate  of  POHC=Feed  Rate*(1  -Theoretical  DE  at  900C/100) 

Emission  Rate  as  PIC  is;  based  on  the  data  included  in  the  PIC  estimate 

tables.  The  formation  of  each  POHC  as  a  PIC  from  every  other  POHC 

has  been  estimated.  Also  the  contribution  to  PIC  formation  of  poorly 

characterized  reactions  involving  the  waste  feed  as  a  whole  have  been 

included.  Emission  rates  of  other  PICs  have  also  been  included  at  the 

bottom  of  the  table. 

Emission  Rate  as  POHC  and  PiC=  Emission  Rate  POHC+Emission  Rate  PIC 
Effective  Theoretical  DE  of  P0HC=100*(1  -Emission  Rate  as  POHC  and 
P I C /  F86d  Rs 1 9  5 

Assumes  that  the  incinerator  achieves  99.991;  DRE  for 
ietrachloroethene  which  is  a  likely  POHC  selection.  Phenol  and 
piienanthrene  had  a  slightly  lower  predicted  relative  DREs  due  to  their 
very  low  feed  rate  and  propensity  for  PIC  formation.  However,  these 
compounds  would  not  be  recommended  for  POHC  trial  burn  selection 
because  of  their  possible  formation  as  a  PIC  from  fuel  combustion  and 
other  poorly  characterized  sources  in  the  waste  feed.  Furthermore 
selection  of  Ietrachloroethene  (as  opposed  to  phenol  or  phenanthrene) 
which  has  a  higher  un-normalized  DE,  results  in  a  higher  predicted 
emission  rate  for  all  the  compounds  after  normalization.  Thus 
selection  of  Ietrachloroethene  as  the  POHC  for  normalization 
represents  a  conservative,  worst  case  approach  to  the  risk  assessment. 
Normalized  Emission  Rate-Emission  as  POHC  and  P!C*(0.000 1/0.05 148 12) 
Normalized  DE=  100*0 -Normalized  Emission  Rate  as  POHC  and  PIC/ 

Feed  Rate) 
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Appendix  1 


Estimate  of  Organic  POHC  arid  PIC 
Mass  Emission  Rates  from  the 
Incineration  of  Basin  F  Liquids 
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Footnotes  to  table  -  Estimate  of  Organic  Emissions 


B,C.  Compounds  and  feed  rate  furnished  by  R.F.  Weston 

D.  Based  on  actual  laboratory  generated  experimental  thermal 
decomposition  data  or  extrapolated  based  on  theory.  DE  (Thermal)  is 
the  destruction  efficiency  at  900  C  achieved  under  laboratory  non¬ 
flame  conditions  in  a  pyrolytic  atmosphere 

E.  Based  on  the  assumption  that  99%  of  each  POHC  passes  through  the 
flame  and  is  completely  destroyed.  The  DE  of  the  remaining  1%  which  is 
destroyed  in  the  post-flame  zone  is  assumed  to  be  equal  to  DE  (Thermal) 

Theoretical  DE  at  900C=  99.0000+0.0 l*DE(Thermal) 

F.  Emission  Rate  of  POHC=Feed  Rate*(  1  -Theoretical  DE  at  900C/ 1 00) 

G.  Emission  Rate  as  PIC  is  based  on  the  data  included  in  the  PIC  estimate 
tables.  The  formation  of  each  POHC  as  a  PIC  from  every  other  POHC 
has  been  estimated.  Also  the  contribution  to  PIC  formation  of  poorly 
characterized  reactions  involving  the  waste  feed  as  a  whole  have  been 
included.  Emission  rates  of  other  PICs  have  also  been  included  at  the 
bottom  of  the  table. 

H.  Emission  Rate  as  POHC  and  PIC=  Emission  Rate  POHC+Emission  Rate  PIC 

I.  Effective  Theoretical  DE  of  POHC=  1 00*(  1  -Emission  Rate  as  POHC  and 
PIC/Feed  Rate) 

J.  Assumes  that  the  incinerator  achieves  99.99%  DRE  for  the  POHC  which 
is  most  difficult  to  destroy.  Toluene  had  the  lowest  Effective 
Theoretical  DE  of  47.8756%  due  to  its  very  low  feed  rate  and  large 
propensity  for  PIC  formation  from  a  variety  of  compounds. 

Normalized  Emission  Rate=Emission  as  POHC  and  PIC*(0.000 1/0.52 1244) 

K.  Normalized  DE=100*(1 -Normalized  Emission  Rate  as  POHC  and  PIC/ 

Feed  Rate) 
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Estimate  of  PiC  Yields  for  the 
Incineration  of  Basin  F  Liquids 
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Basin  F  PiC  Emissions  Estimate 
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Basin  F  PiC  Emissions  Estimate 
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Basin  F  PIC  Emissions  Estimate 


5B-29 


M  N5 


5B-31 


5B-32 


5B-33 


APPENDIX  A 

PRELIMINARY  DATA  AND  SUPPORTING  DOCUMENTATION 
FOR  HEALTH  RISK  ASSESSMENT  PROTOCOL 


U.S.  ARMY  CORPS  OF  ENGINEERS 
OMAHA  DISTRICT 
OMAHA,  NEBRASKA 


Preplanned  Remedial  Action  Contract  (PRAC) 
Contract  No.  DACA45-90-D-0015 


Task  Order  No.  1 

Document  Control  No.  3 886-44-01 -A ATT 


REVISED  DRAFT 

AMBIENT  AIR  QUALITY  MODELING  AND  HEALTH  RISK 
ASSESSMENT  PROTOCOLS 


FOR 

ROCKY  MOUNTAIN  ARSENAL 
BASIN  "F"  LIQUID  INCINERATION  SYSTEM  DESIGN 

Commerce  City,  CO 


Revised  25  November  1990 


Prepared  by: 

ROY  F.  WESTON,  INC. 

West  Chester,  Pennsylvania 


TABLE  OF  CONTENTS 


Section 

Title 

Page 

1.0 

INTRODUCTION 

6A-1 

1.1 

Facility  Location  and  Process  Description 

6A-1 

1.1.1  Facility  Description 

6A-1 

1.1.2  Process  Description 

6A-2 

1.2 

Physical  Emissions  Characteristics 

6A-3 

1.3 

Good  Engineering  Practice  Analysis 

6A-3 

2.0 

AIR  QUALITY  MODELING  PROTOCOL 

6A-6 

2.1 

Model  Selection 

6A-6 

2.1.1  Model  for  Inhalable  Concentrations 

6A-6 

2.1.2  Model  for  Deposition 

6A-7 

2.2 

Model  Input  Data 

6A-11 

2.2.1  Receptor  Grid  Network 

6  A- 11 

2.2.2  Meteorological  Data 

6A-13 

2.2.3  Model  Options 

6A-13 

2.3 

Air  Quality  Analysis 

6A-13 

2.4 

References 

6A-17 

3.0 

HEALTH  RISK  ASSESSMENT  PROTOCOL 

6A-19 

3.1 

Introduction 

6A-19 

3.2 

Contaminant  Identification 

6A-22 

3.2.1  Contaminant  Identification 

6A-22 

3.2.2  Emission  Rates 

6A-26 

3.2.3  Final  Selection  of  Contaminants  of  Concern 

6A-26 

3.3 

Toxicity  Assessment 

6A-28 

3.4 

Exposure  Assessment 

6A-29 

3.4.1  Exposure  Scenarios 

6A-29 

3.4.2  Inhalation  Exposure 

6A-31 

3.4.3  Ingestion  Exposure 

6A-32 

3.4.4  Dermal  Exposure 

6A-40 

3.5 

Risk  Characterization 

6A-40 

3.5.1  Evaluation  of  Risk 

6A-40 

3.5.2  Uncertainty  Analysis 

6A-41 

3.6 

References 

6A-42 

rm012c.rpt 


6A-i 


LIST  OF  APPENDICES 


APPENDIX  A 


PRELIMINARY  DATA  AND  SUPPORTING  DOCUMENTATION  FOR 
THE  HEALTH  RISK  ASSESSMENT 


nn012c.rpt 


6A-ii 


LIST  OF  TABLES 


Tables 

Title 

Page 

1-1 

RCRA  Incinerator  Requirements 

6A-4 

2-1 

Scavenging  Coefficients 

64-12 

2-2 

Regulatory  Default  Options  Proposed 
for  the  ISCST  Model 

6A-16 

rm012c.rpt 


6A-iii 


LIST  OF  FIGURES 


Tide 

Annual  Wind  Rose  for  the  Denver  Airport 


6A-iv 


SECTION  1 
INTRODUCTION 


The  following  protocols  describe  the  ambient  air  quality  modeling  and  health  risk  assessment 
approach  that  will  be  used  to  establish  numeric  emission  limits  for  the  Submerged  Quench 
Incinerator  (SQI)  at  the  Rocky  Mountain  Arsenal  (RMA)  in  Denver,  Co.  The  protocol  included 
in  this  appendix  was  submitted  in  final  form  to  the  RMA  in  November  of  1990.  This  protocol 
should  be  used  only  as  a  general  reference  to  the  approach  used  in  this  risk  assessment.  Many 
of  the  assumptions,  particularly  emissions  estimates  and  exposure  input  parameters,  have  been 
extensively  revised  in  early  1991.  These  revisions,  although  not  included  in  the  protocol,  have 
been  fully  incorporated  into  the  Final  Draft  Human  Health  Risk  Assessment  (Volumes  I,  II,  and 
III)  submitted  June  1991  to  RMA.  RMA  is  required  to  install  and  operate  the  SQI  to  destroy  the 
Basin  F  liquids  currently  stored  in  the  three  tanks  and  a  double  lined  pond  at  the  Arsenal.  The 
action  is  part  of  the  Interim  Remedial  Action  (IRA)  selected  to  treat  and  dispose  of  the  Basin  F 
liquid.  These  protocols  describe  the  method  to  be  used  to  establish  stack  gas  emission  limits  for 
the  incinerator  which  correspond  to  the  allowable  risk  level/hazard  index  (as  identified  in  the 
decision  document)  for  the  nearest  exposed  population.  The  protocols  are  based  on  EPA 
guidelines  on  air  quality  modeling  and  risk  assessments  and  WESTON’s  experience  gained 
through  similar  work  assignments.  The  remaining  portion  of  Section  1  presents  a  brief  facility 
and  process  description.  Section  2  provides  a  description  of  the  air  quality  models,  input  data, 
and  modeling  approach  to  be  used  and  Section  3  provides  a  description  of  the  health  risk 
assessment  approach  and  methodology  for  contaminant  identification,  toxicity  assessment,  and 
exposure  assessment. 

1.1  FACILITY  LOCATION  AND  PROCESS  DESCRIPTION 

1.1.1  Facility  Description 

The  following  facility  description  is  a  summary  of  the  information  provided  in  the  Final  Decision 
Document  for  the  Basin  F  Liquid  Interim  Remedial  Action  (IRA).  Rocky  Mountain  Arsenal 
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(RMA)  occupies  over  17,000  acres  (approximately  27  square  miles)  in  Adams  County,  directly 
northeast  of  metropolitan  Denver,  Colorado.  RMA  was  established  in  1942  and  has  been  the  site 
of  manufacture  of  chemical  incendiary  munitions  and  chemical  munitions  demilitarization. 
Agricultural  chemicals  including  pesticides  were  manufactured  at  RMA  from  1947  to  1982. 

In  1956,  an  evaporation  pond  called  Basin  F  was  constructed  in  the  northern  part  of  RMA.  Basin 
F  had  a  surface  area  of  92.7  acres  and  a  capacity  of  approximately  243  million  gallons.  From 
August  1957  until  its  use  was  discontinued  in  December  1981,  Basin  F  was  the  only  evaporative 
disposal  facility  in  service  at  RMA. 

In  1986,  the  Department  of  the  Army,  Shell  Oil  Company,  and  the  U.S.  Environmental  Protection 
Agency  (EPA)  Region  VTII,  agreed  that  an  accelerated  remediation  be  undertaken  pursuant  to 
CERCLA  (Comprehensive  Environmental  Response,  Compensation  and  Liability  Act)  to  contain 
the  liquid  and  contaminated  soils  in  and  under  Basin  F.  In  a  June  5,  1987  report  to  the  court, 
the  Organizations  and  the  State  agreed  that  fourteen  interim  actions,  including  the  Basin  FIRA, 
were  necessary  to  expedite  the  cleanup  of  RMA. 

In  the  first  part  of  Basin  F  remediation.  Basin  F  liquid  was  transferred  to  three  lined  steel  storage 
tanks  and  to  one  double-lined  covered  pond.  Transfer  of  Basin  F  liquid  to  tanks  and  Pond  A  for 
interim  storage  was  initiated  in  May,  1988  and  completed  in  December  1988.  Presently 
approximately  4  million  gallons  of  liquid  are  stored  in  the  tank  farm  and  4.5  million  gallons  are 
stored  in  Pond  A. 

The  Army  has  selected  submerged  quench  incineration  (SQI)  to  thermally  treat  8.5  million 
gallons  of  stored  liquid  from  Basin  F  at  Rocky  Mountain  Arsenal  as  an  Interim  Remedial  Action. 
The  SQI  consists  of  a  feed  system  to  inject  the  Basin  F  liquid  into  the  incinerator;  the  high 
temperature  incinerator  with  a  quench  chamber  to  cool  the  gases  and  dissolve  the  molten  salts 
from  combustion;  a  spray  dryer;  and  associated  air  pollution  control  equipment. 
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1.1.2  Process  Description 


The  submerged  quench  incineration  process  will  use  a  vertical  downfired  liquid  incinerator.  The 
liquid  to  be  incinerated  would  be  injected  at  the  top  of  the  furnace  into  a  gas  flame.  Burning  the 
liquid  at  high  temperature  (about  1,900°F)  is  expected  to  destroy  the  organic  compounds  in  Basin 
F  liquid.  After  incineration,  all  the  combustion  products  will  be  forced  downward  and  cooled 
in  a  liquid  quench  tank,  to  aid  in  washing  out  particulates  and  cleaning  the  exhaust  gases.  The 
high  temperatures  will  melt  noncombustible  components  of  the  Basin  F  liquid,  producing  molten 
salts  which  will  flow  down  the  walls  of  the  incinerator  and  also  be  cooled  in  a  quench  chamber. 
The  exhaust  gases,  which  will  include  a  mixture  of  combustion  byproducts  and  other  gases,  will 
be  passed  through  air  pollution  control  devices  which  include  a  venture  scrubber  and  a  packed 
tower.  The  brine  from  this  process  will  be  dried  in  a  spray  dryer  to  produce  a  salt.  The  spray 
dryer  exhaust  will  be  fed  into  a  baghouse  to  control  particulate  emissions.  The  baghouse  will 
be  exhaust  though  the  stack  serving  the  incinerator. 

Operation  of  the  submerged  quench  incineration  process  will  require  the  transportation  onto  the 
Arsenal  of  2,600  cubic  yards  per  year  of  sodium  hydroxide,  a  caustic  compound  used  in  the  air 
pollution  control  process.  The  submerged  quench  incineration  process  will  produce  salts,  of 
about  25  percent  of  the  original  volume  of  the  Basin  F  liquid.  These  salts  which  contain  metals 
will  be  disposed  of  in  an  off-site  hazardous  waste  landfill. 

1.2  PHYSICAL  EMISSION  CHARACTERISTICS 

The  physical  emission  characteristics  of  the  submerged  quench  incinerator  have  not  been  finalized 
at  this  time.  The  incinerator  will  be  designed  and  operated  to  meet  the  RCRA  incinerator 
requirements  which  are  presented  in  Table  1-1.  The  trial  bum  will  be  required  to  demonstrate 
the  ability  of  the  incinerator  to  achieve  the  performance  requirements  outlined  in  the  Final 
Decision  Document  (May,  1990). 
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Table  1-1 


RCRA  Incinerator  Requirements2 


Destruction  and  Removal  Efficiencies 

Dioxin  and  Dibenzofurans  99.9999% 

Polychlorinated  Biphenyls  99.9999% 

All  other  Organic  Compounds  99.99% 

Particulates  Emissions  0.08  grains 

per  dry  standard  cubic  ft. 
@  7%  02 

Hydrogen  Chloride  Emissions  1.8  kg/hour 

4.0  lb/hour 


1  40  CFR  264.343  (Performance  Standards) 
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1.3  GOOD  ENGINEERING  PRACTICE  ANALYSIS 


Section  123  of  the  Clean  Air  Act  defines  Good  Engineering  Practice  (GEP),  with  respect  to  stack 
heights,  as  "the  height  necessary,  to  ensure  that  emissions  from  the  stack  do  not  result  in 
excessive  concentrations  of  any  pollutant  in  the  immediate  vicinity  of  the  source  as  a  result  of 
atmospheric  downwash,  eddies  or  wakes  which  may  be  created  by  the  source  itself,  nearby 
structures  or  nearby  terrain  obstacles."  For  this  analysis,  40  CFR  51.1(ii)  defines  nearby  as  "that 
distance  up  to  five  times  the  lesser  of  the  height  or  the  (projected)  width  dimension  of  a 
structure,  but  not  greater  than  0.8  km  ...  . 

"According  to  40  CFR  51.1  (ii),  GEP  stack  height  means  the  greater  of  the  following  3  factors. 

1.  65  meters,  measured  from  the  ground-level  elevation  at  the  base  of  the  stack, 

2.  For  stacks  in  existence  after  January  12,  1979, 

Hg  =  H  +  1.5  L 

Where: 

Hg  =  GEP  stack  height 

H  =  height  of  nearby  structure(s)  measured  from  the  ground  level  elevation  at 
the  base  of  the  stack. 

L  =  lesser  of  height  or  projected  width  of  nearby  structures. 

3.  The  height  demonstrated  by  fluid  model  or  field  study  which  satisfies  the 
definition  of  GEP  in  Section  123  of  the  Clean  Air  Act. 
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This  GEP  stack  height  analysis  will  be  based  upon  the  EPA  (1985)  guideline  document.  The 
GEP  determination  will  be  made  for  each  building,  and  then  the  stack  will  be  associated  with  the 
nearby  building  which  would  result  in  the  greatest  GEP.  The  stack  height  for  the  SQI  has  not 
been  specified  at  this  time.  When  the  stack  height  is  finalized  the  GEP  analysis  described  above 
will  be  performed  to  determine  if  building  downwash  of  the  stack  gases  could  occur  and  if 
building  downwash  effects  will  be  incorporated  into  the  modeling  analyses. 
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SECTION  2 

AIR  QUALITY  MODELING  PROTOCOL 

2.1  MODEL  SELECTION 

Models  to  be  used  as  input  to  the  exposure  assessment  and  establishment  of  numerical  limits  for 
the  incinerator  will  be  EP A- approved  UNAMAP  Version  VI  dispersion  models  and  an  enhanced 
version  of  a  UNAMAP  model  which  calculates  dry  and  wet  deposition.  The  procedures  used  in 
executing  the  models  will  follow  those  outlined  in  EPA’s  Guideline  on  Air  Quality  Models 
(Revised)  (1986a,  1987a). 

A  preliminary  review  of  the  geographical  setting  and  a  review  of  the  land  use  pattern  near  the 
Rocky  Mountain  Arsenal  was  conducted  to  classify  land  use  for  modeling  purposes,  according 
to  the  method  of  Auer  (1978;  copy  attached).  The  preliminary  review  was  based  on  inspection 
of  the  typographic  maps  of  the  SQI  incinerator  location  out  to  3  km.  Based  on  their  approximate 
evaluation,  it  was  determined  that  greater  than  50%  of  land  use  was  rural.  Therefore,  models 
which  include  rural  dispersion  coefficients  will  be  used  to  assess  the  air  quality  impact  of  the 
facility. 

Furthermore,  it  is  expected  that  there  will  be  no  areas  near  the  arsenal  where  the  terrain  elevation 
exceeds  stack  top.  As  a  result,  a  USEPA  UNAMAP  Version  VI,  rural  flat  terrain  model  was 
selected  for  the  air  quality  modeling  analysis  for  inhalable  concentration  calculations  and  a 
WESTON  modified  version  of  the  ISCST  model  (WESTDEP)  was  selected  for  wet,  dry,  and  total 
deposition  calculations.  Each  of  these  models  are  described  in  the  following  subsections. 

2.1.1  Model  for  Inhalable  Concentrations 

The  Industrial  Source  Complex  (ISC)  model  is  a  steady-state  Gaussian  plume  model  which  can 
be  sued  to  assess  airborne  pollutant  concentrations  from  a  wide  variety  of  sources.  The  ISC 
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model  is  part  of  EPA’s  UNAMAP  VI  series  models  (EPA,  1986b)  and  consists  of  a  short-term 
(ISCST)  and  a  long-term  (ISCLT)  module.  It  is  listed  as  an  EPA- approved  "Appendix  A"  model. 

The  ISCST  model  will  be  used  to  calculate  1-hour,  3-hour,  8-hour,  24-hour,  and  annual  air 
concentrations  from  the  facility  at  receptors  no  higher  than  the  stack  height  plus  its  base 
elevation.  Receptor  elevations  higher  than  this  are  treated  by  the  model  as  elevations  equal  to 
stack  height  plus  base  elevation.  If  the  proposed  stack  height  is  less  than  the  formula  GEP  stack 
height,  building  wake-effect  induced  downwash  will  be  accounted  for  in  the  model  otherwise  no 
downwash  effects  will  be  evaluated. 

2.1.2  Model  for  Deposition 

The  two  major  mechanisms  for  the  accumulation  of  materials  in  surface  soils  and  in  surface 
water  are  wet  and  dry  deposition.  No  EPA-approved  model  or  modeling  techniques  currently 
exist  which  appropriately  calculate  both  dry  and  wet  deposition  due  to  source  emissions. 
WESTON  has  modified  the  EPA  ISCST  model  to  calculate  wet,  and  total  dry  deposition  as 
suggested  in  EPA  guidance  (EPA  1986c).  A  discussion  of  the  WESTON  approach  to  model 
these  processes  is  included  below. 

2.1.2.1  Dry  Deposition 

Dry  deposition  is  driven  by  atmospheric  processes,  the  properties  of  the  surfaces  upon  which 
materials  deposit,  and  the  properties  of  the  particles  being  deposited.  Previous  studies  of  dry 
deposition  have  used  only  gravitational  settling  velocities  to  remove  particles  from  the 
atmosphere.  In  particular,  the  EPA’s  Industrial  Source  Complex  (ISC)  model,  which  contains 
a  gravitational  algorithm,  has  been  used  in  the  past  to  calculate  dry  deposition.  However,  this 
model  generally  could  not  account  for  the  properties  of  the  particles  deposited,  the  properties 
which  effect  dry  deposition,  or  hourly  meteorological  effects  other  than  stability. 
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Work  by  Sehmel  and  Hodgsen  (1978)  has  resulted  in  a  parameterization  of  the  dry  deposition 
process  which  takes  more  fully  into  account  hourly  meteorological  conditions  (e.g.,  wind  speed, 
stability,  etc.),  particle  properties  (e.g.,  density,  size)  and  the  surface  properties  (e.g.,  surface 
roughness)  upon  which  material  is.  dry  deposited. 

The  basic  approach  to  dry  deposition  involves  calculation  of  the  ambient  ground  level 
concentration  and  the  deposition  velocity.  The  deposition  flux  is  given  by: 

-F  =  Vd*Xi 

Where: 

-F  =  downward  flux  of  material  (dry  deposition). 

Vd  =  the  deposition  velocity. 

X;  =  is  the  ambient  concentration  for  pollutant  i. 

Therefore,  if  an  estimate  of  the  deposition  velocity  and  the  ambient  concentrations  for  a  pollutant 
can  be  made,  then  the  dry  deposition  flux  can  be  calculated.  Ransieri  and  Croes  of  the  California 
Air  Resources  Board  (CARB)  have  developed  computer  algorithms  based  on  Sehmel  and 
Hodgsen  s  work  which  provide  hourly  values  of  dry  deposition  velocity  using  pre-processed 
meteorological  data  which  can  be  obtained  using  the  EPA  preprocessor  program. 

WESTON  has  modified  the  EPA  UNAMAP  Version  VI  of  the  ISCST  model  to  incorporate  the 
CARB  algorithms  to  calculate  dry  deposition  and  renamed  the  model  WESTDEP.  The 
WESTDEP  model  calculates  hourly  ambient  ground-level  pollutant  concentrations  as  well  as 
hourly  deposition  velocities  to  predict  the  dry  deposition  flux  at  each  receptor.  The  model  is 
conservative  in  that  no  plume  depletion  is  assumed  so  that  the  computed  air  concentration  and 
deposition  rates  represent  the  upper  bound  limit  values.  The  WESTDEP  model  allows  for 
building  wake  effects,  terrain  adjustments,  and  incorporates  a  separate  surface  roughness 
coefficient  (z0)  for  each  receptor.  Source  information  required  for  the  model  include: 
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•  Source  emission  parameters: 

•  Stack  height; 

•  Stack  gas  velocity; 

•  Stack  gas  temperature; 

•  Pollutant  emission  rate; 

•  Building  dimensions  (for  wake  effects  options); 

•  Mass  particle  size  distribution. 

•  Particle  density,  by  size  (2  grams/cm3  will  be  used  for  all  particle  sizes). 

The  particle  size  distribution  used  in  the  modeling  will  be  based  on  specification,  design  and 
control  efficiency  of  the  selected  air  position  control  equipment  for  the  incinerator. 
Meteorological  information  required  is  provided  by  the  standard  UNAMAP  meteorological 
preprocessor  file.  In  addition,  a  value  for  the  surface  roughness  coefficient  (Z0)  must  be  supplied 
for  each  receptor.  Based  upon  the  typical  land  use  around  the  RA,  a  Z0will  be  conservatively 
selected  and  used  in  the  air  quality  modeling  to  represent  the  impact  area.  WESTDEP  model 
output  includes  annual  average  pollutant  concentration  at  each  receptor,  total  annual  dry 
deposition  at  each  receptor,  and  average  annual  dry  deposition  velocity  at  each  receptor. 

2.1.2.2  Wet  Deposition 

The  wet  deposition  process  involves  removal  of  particles  via  precipitation.  Currently,  no  widely 
accepted  wet  deposition  models  are  available.  Several  studies  have  developed  mechanisms  for 
removal  of  particles  from  the  atmosphere  during  precipitation  events.  These  studies  assume  that 
particle  washout  or  scavenging  is  proportional  to  the  mass  of  the  plume  exposed  to  the 
precipitation  event,  the  intensity  and  duration  of  the  event,  and  the  size  distribution  of  the 
particles  in  the  plume,  (Radke  et  al.,  1980,  Scire  and  Lurman,  1983). 

The  scavenging  coefficients  which  have  developed  in  these  studies  are  themselves  based  on  a 
very  limited  number  of  original  studies  and  are  generally  related  to  removal  of  sulfate  aerosols. 
For  example,  the  work  of  Scier  and  Lurman  is  for  sulfate  and  nitrate  aerosols.  Radke  et  al. 
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included  measurements  in  power  plant,  pulp  and  paper  boilers  and  volcanic  plumes  which  all 
have  large  concentrations  of  sulfate  aerosols.  Since  these  aerosols  are  hygroscopic,  i.e.,  they  have 
a  great  affinity  for  absorbing  water  in  the  air,  it  is  likely  that  scavenging  coefficients  based  on 
these  sources  will  be  higher  than,  for  other  less  water-soluble  species  such  as  the  pollutants 
emitted  by  the  facility.  Unfortunately,  there  is  no  quantifiable  data  available  upon  which  to  base 
a  more  reasonable  scavenging  coefficient  Therefore,  the  scavenging  coefficients  used  in  the 
WESTDEP  model  are  conservative  and  provide  an  upper  bound  on  the  amount  of  wet  deposition 
likely  to  occur  in  the  area  of  the  RMA. 

The  EPA  (EPA,  1986c)  has  developed  an  algorithm  which  uses  scavenging  coefficients  to 
calculate  wet  deposition  based  on  the  work  of  Bowman  (1987),  and  Radke  (1980).  The  algorithm 
developed  includes  particle  size  and  rainfall  intensity  dependent  washout  coefficients  to  calculate 
wet  deposition.  Table  2-1  includes  the  scavenging  coefficients  that  will  be  used  in  the  modeling 
analysis.  The  algorithm  is  based  on  the  mass  of  pollutants  in  a  vertical  column  of  air  which 
extends  from  the  bottom  to  the  top  of  the  plume.  WESTON  has  integrated  this  algorithm  into 
the  WESTDEP  model  in  order  to  conservatively  calculate  wet  deposition  due  to  precipitation 
events. 


In  order  to  compute  wet  deposition,  the  same  information  used  for  the  dry  deposition  calculation 
is  required  (i.e.,  source  emission  characteristics  and  hour-by-hour  meteorology).  In  addition, 
rainfall  intensity  and  rainfall  type  (e.g.,  thunderstorm,  showers,  steady  precipitation)  is  also 
needed.  Furthermore,  the  WESTDEP  model  has  been  modified  to  compute  dry  deposition  only 
when  no  wet  deposition  i.e.,  no  rainfall  is  occurring. 

The  WESTDEP  model  has  been  approved  for  use  in  the  preparation  of  numerous  health  risk 
assessments  for  hazardous  waste  incinerators  and  resource  recovery  facilities  in  Kentucky, 
Maryland,  Michigan,  Minnesota,  New  Jersey,  Pennsylvania,  and  Rhode  Island. 
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Therefore,  the  wet  and  dry  algorithms,  which  are  now  a  part  of  the  WESTON  modified  EPA  ISC 
model  (WESTDEP)  enable  WESTON  to  predict  total  deposition  due  to  emissions  from  specific 
facilities  for  use  in  multipathway  risk  assessments. 

2.2  MODEL  INPUT  DATA 


In  addition  to  emission  rates  and  physical  emission  characteristics  of  the  incinerator  other  input 
data  are  needed  to  estimate  the  incremental  and  overall  air  quality  impact  of  the  incinerator. 
Specifically,  a  receptor  grid  network,  meteorological  data,  and  model  options  are  required  as 
input  to  both  the  ISC  and  WESTDEP  models. 

2.2.1  Receptor  Grid  Network 

A  coarse  receptor  grid  network  will  be  established  to  find  the  approximate  location  of  maximum 
estimated  air  quality  impact  due  to  emissions  from  the  facility.  From  this  analysis,  the  nearest 
critical  receptor(s)  can  be  identified  for  evaluation  in  the  exposure  analysis.  A  polar  coordinate 
system  with  a  radial  every  ten  degrees  beginning  with  north,  centered  upon  the  stack  will  be  used 
as  a  basis  for  receptor  deployment  for  the  ISC  model  application.  Receptor  points  for  ISCST  will 
be  placed  at  the  following  distances  from  the  stack:  2,000m,  2,500m,  3,000m,  4,000m,  5,000m, 
6,000m,  8,000m,  10,000m,  12,000m  15,000m,  17,500m,  20,000m,  22,500m  and  25,000m. 
Terrain  elevations  selected  for  the  receptor  grid  will  be  based  upon  the  highest  contour  between 
the  receptor  point  and  half  the  distance  to  any  neighboring  receptor  point  Discrete  receptor 
points  will  be  located  at  sensitive  areas  such  as  hospitals,  schools,  parks,  etc.,  and  along  the 
property  line  of  the  RMA.  A  refined  receptor  grid  with  spacing  of  100  meters  will  be  used  in 
areas  of  maximum  concentrations  identified  by  the  initial  course  receptor  grid.  Receptors  points 
will  also  be  placed  in  100  meter  increments  along  10  degree  radials  from  the  RMA  property  line 
to  the  first  receptor  ring.  No  receptor  points  will  be  placed  within  the  RMA  property. 
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Table  2-1 


Scavenging  Coefficients 


Particle  Size  Categories  (Microns) 

Rainfall 


Intensity 

<2p 

2-1  Op 

>10p 

Light(a) 

0.22  x  10'3 

0.18  x  10  3 

0.969  x  10'2 

Moderate® 

0.56  x  10'3 

0.893  x  10-3 

0.969  x  10-2 

Heavy® 

0.146  x  10‘2 

0.464  x  10'2 

0.969  x  10  2 

(a)  Light  is  less  than  0.1  inches  per  hour. 

(b)  Moderate  is  0.11-0.3  inches  per  hour. 

(c)  Heavy  is  greater  than  0.31  inches  per  hour. 
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2.2.2  Meteorological  Data 


The  meteorological  data  base  for  the  modeling  of  annual  impacts  will  consist  of  surface  data 
collected  at  the  Denver  Stapleton  Airport,  for  the  most  recent,  available  five-year  period  1985- 
1989.  The  Airport  is  located  approximately  5  miles  south  of  the  incinerator. 

Selection  of  the  meteorologic  data  is  consistent  with  the  recommendations  in  Section  6.6  of 
EPA’s  On-Site  Meteorological  Program  Guidance  for  Regulatory  Modeling  Applications  (1987). 
An  annual  wind  rose  for  the  Airport  data  showing  the  prevailing  wind  directions  and  wind  speed 
classes  is  presented  in  Figure  2-1.  Coincident  mixing  heights  will  be 

derived  by  merging  surface  temperatures  with  twice  daily  upper  air  data,  both  obtained  from 
Denver  Airport  for  the  period  1985-1989.  The  raw  meteorological  surface  data  and  mixing 
heights  will  be  prepared  for  input  to  the  ISCST  models  by  using  the  EPA  preprocessor  program. 
Precipitation  data  from  the  Denver  Airport  during  the  period  1985-1989  will  also  be  merged  with 
the  preprocessed  data  for  use  in  the  WESTDEP  model  for  deposition  calculations. 

2.2.3  Model  Options 

The  ISCST  model  has  various  options  to  simulate  different  dispersion  conditions  for  emissions 
from  a  stack.  The  U.S.  EPA  has  recommended  (EPA,  1986a)  various  options  to  be  used  in 
dispersion  modeling  for  regulatory  purposes.  These  recommended  regulatory  default  options, 
shown  in  Table  2-2,  will  be  used  in  the  air  quality  impact  analysis  for  the  incinerator. 

2.3  AIR  QUALITY  ANALYSIS 

The  air  quality  analysis  will  be  conducted  using  the  models,  options,  and  procedures  discussed 
in  previous  sections  of  this  protocol.  The  WESTON  model  will  be  employed  to  estimate  annual 
concentrations,  wet/dry  and  total  depositions  for  each  of  the  five  years  1985-1989.  Since  the 
expected  operational  period  for  the  SQI  is  18  months,  the  year  with  the  highest  concentration  and 
deposition  rates  will  be  used  as  input  to  the  risk  assessment. 
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DENVER.  COLORADO 
YEAR:  1988 
CALMS  INCLUDED 


3 . 94 


4 . 18 


4 . 42 


3 . 77 


1 . 63 


4 . 13 


10 . 48 


SCALE  (KNOTS) 


WIND 

SPEED 

(KNOTS) 

PERCENT 

OCCURRENCE  1 

WIND 

SPEED 

(KNOTS) 

PERCENT 

OCCURRENCE 

W 

« 

6-11 

IMS 

»-a 

>21 

0-3 

3-1 

6-SO 

lfr-« 

16-21 

>21 

N 

0.98 

2.47 

3.20 

2.14 

0.72 

0.40 

s 

2.52 

8.44 

6.17 

2.30 

0.24 

0.02 

NNE 

0.81 

1.22 

1.06 

0.66 

0.16 

0.02 

S9W 

1.25 

3.86 

4.47 

0.79 

0.09 

0.02 

HE 

0.45 

1.25 

1.41 

0.66 

0.13 

0.03 

SW 

0.70 

1.32 

1.05 

0.39 

0.06 

0.02 

ENE 

0.34 

1.09 

1.34 

0.33 

0.02 

0.00 

NSW 

0.34 

0.60 

0.35 

0.19 

0.09 

0.05 

E 

0.73 

1.86 

1.80 

0.43 

0.03 

0.00 

w 

0.45 

0.94 

0.94 

0.97 

0.26 

0.20 

esc 

0.09 

2.69 

1.66 

0.41 

0.02 

0.00 

WNW 

0.39 

0.97 

0.91 

1.29 

0.59 

0.27 

SE 

0.99 

3.07 

1.86 

0.66 

0.06 

0.00 

NW 

0.36 

0.82 

1.24 

1.06 

0.33 

0.23 

SSE 

1.24 

3.39 

1.98 

1.07 

0.29 

0.17 

NNW 

0.38 

1.33 

1.01 

0.74 

0.33 

0.14 

FIGURE  2-1 


6A-15 


Table  2-2 


Regulatory  Default  Options 
Proposed  for  the  ISCST  Model 


Stack-tip  downwash. 

Final  plume  rise. 

Buoyancy  induced  dispersion  (BID). 

Vertical  potential  temperature  gradients 
of  0.0,  0.0,  0.0,  0.0,  0.02,  0.035,  for 
stability  classes  A  through  F,  respectively. 

Automatic  treatment  of  calms. 

Wind  profile  exponents  of  0.07,  0.07, 
0.010,  0.15,  0.35,  0.55  for  stability 
classes  A  through  F,  respectively. 

Infinite  pollutant  half-life. 
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SECTION  3 

RISK  ASSESSMENT  PROTOCOL 


3.1  INTRODUCTION 


The  objective  of  the  health  risk  assessment  to  be  conducted  by  WESTON  for  Rocky  Mountain 
Arsenal  (RMA)  is  to  assist  in  the  establishment  of  chemical  emissions  limits  for  the  Basin  F 
Submerged  Quench  Incinerator  (SQI).  The  resultant  emissions  limits  are  to  be  protective  of 
human  health,  as  stated  in  the  Final  Decision  Document  (May,  1990).  The  risk  characterization 
results  and  a  discussion  of  ARARs  will  be  initially  presented  in  the  Implementation  Document 
to  be  submitted  to  RMA  on  December  14,  1990,  and  which  will  be  used  to  evaluate  possible 
design  changes  in  the  SQI.  The  detailed  risk  assessment  document  will  be  submitted  immediately 
thereafter. 

The  purpose  of  this  section  of  the  protocol  is  to  present  the  specific  methodology  and  exposure 
assumptions  to  be  used  by  WESTON  in  the  risk  assessment.  Preliminary  data  concerning  the 
contaminants  of  concern  are  also  initially  presented.  In  addition  to  the  Final  Decision  Dncnmp:nf 
the  approach  and  methodology  draws  upon  the  guidance  set  forth  in  the  recently  revised  U.S. 
EP A  Risk  Assessment  Guidance  for  Superfund:  Human  Health  Evaluation  Manual  (EPA.  1989a) 
and  the  U.S.  EPA  Methodology  for  Assessing  Health  Risks  Associated  With  Indirect  Exposure 
to  Combustor  Emissions  (EPA,  1990a).  These  and  other  pertinent  guidance  documents  are 
indicated  in  the  appropriate  sections,  and  are  listed  in  the  protocol  in  Subsection  3.7. 


A  risk  assessment  for  the  proposed  SQI  was  previously  performed  by  Woodward-Clyde 
Consultants  (Jan.,  1990)  to  assist  in  the  screening  and  selection  of  interim  remedial  actions 
(IRAs)  as  required  under  CERCLA  and  the  National  Contingency  Plan.  Additionally,  on-site 
(Ebasco  Report)  and  off-site  (HLA/ESE  Report)  human  health  risk  assessments  have  been 
performed  for  RMA  with  respect  to  worker  and  residential  exposures,  respectively,  to  existing 
onsite  contamination.  To  maintain  consistency  with  these  studies,  WESTON  reviewed  the  H^ta 
from  these  previous  on-site  and  off- site  evaluations  and,  where  relevant  utilized  previously 
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developed  exposure  assumptions  and  input  parameters,  toxicity  criteria  and  background  data. 
These  parameters  have  been  appropriately  cited  in  the  remainder  of  this  protocol  or  its 
attachments. 

This  risk  assessment  will  be  a  comprehensive  evaluation  of  both  direct  and  indirect  exposure 
pathways,  and  will  use  as  the  basis  for  estimating  human  exposure  the  results  of  the  air 
dispersion  and  deposition  modeling,  the  methods  of  which  are  described  in  Section  2  of  this 
protocol.  To  be  consistent  with  the  most  recent  EPA  guidance  (EPA,  1989a;  1990a),  WESTON 
will  be  considering  certain  pathways  of  indirect  exposure  that  were  not  originally  considered  in 
the  SQI  risk  assessment  as  part  of  the  IRA  prepared  by  Woodward-Clyde  Consultants  (Jan., 
1990).  These  additional  pathways  include:  breast  milk  consumption;  ingestion  of  fish  from 
contaminated  surface  waters;  vegetable  root  uptake  of  metals  and  organics;  and,  beef  and  dairy 
cattle  exposure  with  subsequent  human  consumption  of  homegrown  or  commercially-produced 
beef  and  cow’s  milk. 

In  accordance  with  the  guidance  set  forth  in  the  Final  Decision  Document,  the  risk  assessment 
process  will  be  used  to  establish  emission  limits  as  follows: 

•  Emission  rates  (both  average  and  upper  95%  confidence  limits,  where  possible) 
will  be  determined  from  evaluation  of  historical  waste  stream  characterization 
data,  test  bum  data,  and  WESTON’s  hazardous  waste  incinerator  emissions 
inventory,  as  described  in  detail  in  Section  3.2. 

•  These  emissions  data  will  be  used  in  conjunction  with  the  air  modeling,  exposure 
assessment  and  toxicity  assessment  results  to  calculate  noncarcinogenic  hazard 
indices  and  carcinogenic  risk  for  each  chemical  and  pathway  in  each  proposed 
exposure  scenario. 

•  As  directed  in  the  Final  Decision  Document  (p.9-6),  cumulative  excess 
carcinogenic  risk  and  noncarcinogenic  hazard  indices  will  be  determined  for  each 
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exposure  scenario.  Assuming  excess  cancer  risk  does  not  exceed  IE-06,  and  the 
noncarcinogenic  hazard  index  does  not  exceed  1  for  the  nearest  most  reasonable 
maximally-exposed  individual,  the  emission  rates  for  the  contaminants  of  concern 
will  be  considered  protective  of  human  health.  WESTON  has  developed  four 
exposure  scenarios,  described  in  detail  in  Section  3.4.1,  which  represent  reasonable 
maximally-exposed  individuals  in  the  vicinity  of  the  facility.  The  facility  is 
assumed  to  operate  for  two  years. 

*  Should  the  cumulative  cancer  risk  or  noncarcinogenic  hazard  index  exceed  the 
limits  described  above  for  the  most  reasonable  maximally-exposed  individual,  each 
contaminant  and  pathway  assessed  in  that  scenario  will  be  evaluated  to  develop 
a  profile  of  the  major  contributor(s)  to  risk.  A  report  summarizing  these  findings 
will  be  presented  to  the  appropriate  agencies,  as  outlined  in  the  Final  Decision 
Document,  to  determine  whether  a  change  in  the  design  of  the  treatment  system 
is  necessary. 

The  protocol  is  divided  into  four  sections: 

1.  Contaminant  Identification,  Selection  and  Emission  Rate  Determination  (Section  3.2) 

2.  Toxicity  Assessment  (Section  3.3) 

3.  Exposure  Assessment  (Section  3.4) 

4.  Risk  Characterization  (Section  3.5) 

These  sections  of  the  protocol  will  correspond  to  the  general  format  to  be  used  in  the  final  risk 
assessment  document.  For  the  final  document,  detailed  calculations  and  supporting  information 
that  are  applicable  to  the  material  presented  in  each  of  the  sections  of  the  final  risk  assessment 
document  will  be  included  in  corresponding  appendices. 
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3.2  CONTAMINANT  IDENTIFICATION.  SELECTION  AND  EMISSION  RATE 
DETERMINATION 


Initial  identification  of  potentially, emitted  contaminants,  and  estimation  of  their  emission  rates 
will  be  based  on  an  analysis  of  the  composition  of  the  waste  stream  and  its  theoretical  products 
of  incomplete  combustion,  valid  test  bum  data,  and  comparison  with  WESTON’s  hazardous  waste 
incinerator  emissions  database.  This  approach  should  be  consistent  with  the  Final  Decision 
Document  and  yield  a  very  conservative  estimate  of  the  emitted  chemicals  and  their  likely 
emission  rates.  This  information  will  be  supplemented  or  verified  by  additional  Basin  F  liquid 
analyses  being  conducted  currently,  if  the  analytical  results  are  available  when  the  contaminant 
identification  phase  of  the  risk  assessment  is  performed. 

3.2.1  Contaminant  Identification 


Four  groups  of  pollutants  and  their  respective  emission  rates  will  be  developed.  These  chemicals 
are  generally  categorized  as  principal  organic  hazardous  constituents  (POHCs),  products  of 
incomplete  combustion  (PICs),  metals,  and  criteria  pollutants  (gases,  particulates,  and  acid  gases). 
The  detailed  lists  of  initially  identified  potential  pollutants  and  emission  rates  are  presented  in 
Tables  1  and  2  (Appendix  A).  The  remainder  of  this  section  discusses  the  methodology  used  for 
selecting  the  chemicals  of  concern. 

3.2.1.1  Analysis  of  Waste  Stream  Composition 

The  following  methodology  was  used  to  evaluate  the  waste  stream  composition  for  the  Basin  F 
liquid  material  at  the  RMA: 

•  The  historical  characterization  data  from  1978  through  1988  for  the  basin  and  the 
recent  WESTON  analyses  for  the  pond  and  for  the  tanks  were  converted  to  a 
common  basis  of  mg/1.  (This  involved  a  density  correction  considering  the  1.24 
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g/ml  density  of  the  waste  for  the  historical  data  that  had  been  reported  as  ppm  or 
ppb). 

•  The  average  and  maximum  of  the  reported  values  for  each  data  source  were  taken 
for  the  values  from  the  basin,  pond  and  tank,  each  taken  separately.  (If  a  range 
was  reported  for  a  particular  source  of  analyses,  the  midpoint  of  the  range  was 
assumed  to  represent  the  average  and  the  upper  range  to  represent  the  maximum 
of  the  data  set). 

•  The  maximum  of  the  average  values  of  the  basin,  pond  and  tank  analyses  were 
calculated,  as  well  as  the  maximum  of  the  maximum  values. 

•  The  maximum  of  the  average  and  maximum  of  the  maximum  values  were 
summed  for  all  compounds  (organics  and  metals). 

•  Because  the  total  of  the  maximums  of  the  maximum  values  was  about  1  million 
mg/1,  or  about  100%,  this  approach  was  considered  too  overly  conservative,  even 
for  risk  assessment  purposes.  The  total  of  maximums  of  the  averages,  however, 
was  about  640,000  mg/1  (about  the  same  value  as  the  portion  of  the  waste  stream 
that  is  not  water). 

Therefore,  the  maximums  of  the  average  values  from  each  of  the  basin,  pond,  and  tanks  were 
taken  as  a  reasonable  worst  case  estimate  of  the  composition  of  the  waste  stream.  These  values 
were  then  converted  to  tons  of  component  per  year  for  the  design  incinerator  capacity  of  10,325 
lb/hr.  These  data  were  used  by  Dr.  Barry  Dellinger  to  predict  the  PICs  and  POHCs  as  discussed 
in  more  detail  below. 
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3.2.1.2  Evaluation  of  Test  Burn  Data 


Emissions  testing  results  conducted  during  the  test  bums  of  Basin  F  waste  performed  by  T- 
Thermal  (August,  1990)  were  evaluated  by  the  WESTON  Air  Permitting  and  Engineering  staff. 
A  number  of  the  test  runs  were  considered  unacceptable  for  emissions  estimation  because  of  feed 
clogging  followed  by  rapping  or  oxygen  blasts  into  the  feed  nozzles.  Two  dioxin/furan  runs,  and 
one  metals  ran  were  considered  valid.  The  remaining  runs  have  been  discarded  for  evaluation 
purposes. 

Compared  to  other  hazardous  waste  incinerators,  the  dioxin/furan  TEF  for  the  two  runs  appears 
relatively  small  (0.06  ng/Nm3)  compared  to  WESTON’s  emissions  database  values.  However, 
the  risk  this  poses  cannot  as  yet  be  determined.  For  the  risk  analysis  base  case  (i.e.,  average 
conditions),  we  will  use  the  average  of  the  two  test  bum  runs;  for  the  sensitivity  case  (i.e.,  upper 
bound  conditions),  we  will  use  the  upper  95%  confidence  limit  of  the  WESTON  database  for 
hazardous  waste  incinerators. 

The  test  bum  data  for  the  one  acceptable  run  for  metals  compare  well  with  the  emission  estimates 
based  on  the  waste  stream  data  (average  of  the  maximums)  and  removal  efficiencies  published 
by  the  U.S.  EPA  for  hazardous  waste  incinerators.  Therefore,  we  will  use  the  maximum  of  these 
two  data  sets  for  the  base  case.  U.S.  EPA  Tier  I  and  Tier  II  guidance  values,  based  on  the 
"maximum  of  the  maximums"  of  the  waste  stream  data  and  emission  test  runs  from  the  test  bum 
will  be  considered  in  the  sensitivity  analysis. 

For  pesticides  and  PCBs,  we  will  use  Dr.  Dellinger’s  POHC  and  PIC  data.  These  potential 
pollutants  were  not  detected  during  the  test  bum  emission  testing 

3.2.1.3  Key  Organic  Pollutants  in  the  Waste  Profile 

Organic  compounds  were  identified  either  as  POHCs  from  an  analysis  of  the  waste  stream 
composition  (Section  3.2. 1.1)  or  from  the  analysis  of  PICs  resulting  form  combustion  of  the 
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POHCs  (Section  3.2.1.4).  Toluene  was  predicted  to  be  the  most  difficult  compound  to  destroy, 
and,  therefore  it  was  used  to  normalize  destruction  removal  efficiency  (DRE)  for  all  POHCs  by 
assuming  toluene  would  be  destroyed  with  a  99.99%  DRE  as  verified  by  a  trial  bum.  Historical 
data  indicate  that  organics  present  in  the  waste  stream  include  volatiles,  semi-volatiles,  and 
pesticides.  Dioxins  and  furans,  determined  from  an  evaluation  of  the  test  bum  data  discussed 
above,  are  listed  separately  and  are  expressed  as  toxic  equivalents  based  on  the  most  recent  U.S. 
EPA  guidance  (EPA,  1989b). 

3.2. 1.4  Products  of  Incomplete  Combustion  (With  or  Without  Precursors) 

Products  of  incomplete  combustion  (PICs)  are  organic  compounds  present  in  emissions  from  an 
incinerator  and  which  are  formed  from  the  thermal  breakdown  of  chemicals  present  in  the  waste 
stream,  reformation  reactions,  or  some  other  process  subsequent  to  incineration  (Trenholm  and 
Hathaway,  1984;  Oppelt,  1987).  Specific  PICs,  with  or  without  precursors,  have  been  identified 
and  their  emission  rates  estimated  by  Dr.  Barry  Dellinger,  who  has  been  subcontracted  for  this 
effort. 

3.2.1.5  Metals 

Identification  of  metals  and  determination  of  their  emission  rates  will  be  based  on  waste  stream 
characteristics,  test  bum  data  and  the  U.S.  EPA  guidance  document  as  discussed  under 
Section  3.2. 1.2. 

3.2.1.6  Criteria  Pollutants  and  Acid  Gases 

Selected  criteria  pollutants  (particulate  matter,  sulfur  dioxide,  nitrogen  dioxide,  and  carbon 
monoxide)  and  acid  gases  (primarily  hydrogen  chloride  and  hydrogen  fluoride)  will  be  evaluated 
both  for  potential  acute  and  chronic  health  effects  by  the  inhalation  pathway.  Their  emissions 
rates  were  determined  from  test  bum  data,  vendor  guarantees  and  WESTON’s  hazardous  waste 
emissions  inventory  database. 
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3.2.2  Emission  Rates 


Table  1  of  Appendix  A  summarizes  the  initial  list  of  emitted  organic  and  inorganic  chemicals 
with  estimated  emissions  rates.  Base  case  emissions  rates  are  conservatively  high  estimates  of 
the  emissions  which  would  be  expected  during  the  course  of  normal  operation.  Their  methods 
of  determination  are  footnoted  in  the  table.  Sensitivity  case  emissions  rates  represent  upper 
bound  or  maximum  worst  case  expected  rates.  Refer  to  the  footnotes  in  Table  1  for  specific 

methods  of  determination.  Criteria  pollutants,  gases,  and  particulates  are  presented  in  detail  in 
Table  2. 

3.2.3  Final  Selection  of  Contaminants  of  Concern 

The  final  contaminants  of  concern  will  be  selected  from  the  initial  list  for  each  medium  of 
potential  exposure  (air,  soil,  surface  water)  based  on  various  conservative  criteria  discussed  in 
detail  below.  The  purpose  of  this  part  of  the  evaluation  is  to  eliminate  from  the  large  list  of 
chemicals  those  that  will  not  likely. 

3.2.3.1  Air 

All  contaminants,  both  carcinogens  and  noncarcinogens,  will  be  evaluated  in  the  air  pathway, 
including  the  criteria  pollutant  gases  and  particulates. 

3.23.2  Soil 

All  carcinogens  (by  the  oral  route)  will  be  retained  for  final  evaluation  in  all  soil  pathways. 
Volatile  organics  (VOCs)  will  be  excluded  from  soil  pathways  based  on  the  following  rationale: 

•  VOCs  are  likely  to  be  emitted  as  vapors 

•  VOCs  are  unlikely  to  be  deposited  in  soils  following  their  emission 
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VOCs  are  unlikely  to  be  persistent  in  soil,  if  deposited 


For  purposes  of  this  screening  procedure,  a  VOC  is  defined  as  any  chemical  (carcinogen  or 
noncarcinogen)  with  a  vapor  pressure  greater  than  1E+02  mm  Hg  and/or  Henry’s  Law  constants 
greater  than  IE-03  atm-m3/mol  (Lyman,  et  al.,  1982).  The  vapor  pressure  criterion  was  derived 
from  inspection  of  the  range  of  vapor  pressures  of  chemicals  that  EPA  classifies  as  volatiles 
(EPA,  1986). 

Metals  (except  oral  carcinogens)  were  screened  based  on  comparison  with  regional  background 
metals  concentrations.  Background  data  were  obtained  from  data  WESTON  gathered  for  Rocky 
Flats  (WESTON,  1989).  Metals  were  excluded  from  further  analysis  through  soil  pathways  if 
their  predicted  maximum  total  deposition  at  the  points  of  exposure  (refer  to  Section  3.4.1  for 
specific  locations  of  reasonable  maximally-exposed  individuals)  were  greater  than  or  equal  to  1 
percent  of  the  mean  background  concentrations  for  the  respective  metal , 

3.2.3.3  Surface  Water 

Land  use  evaluation  and  the  deposition  modeling  isopleths  revealed  that  Engineer’s  Lake,  a 
designated  manmade  recreational  fishing  area  (refer  to  Section  3.4  for  more  detail)  was  impacted 
by  facility  emissions.  Contaminants  of  concern  were  evaluated  for  consideration  in  the  surface 
water  pathway  (i.e.,  fish  consumption)  based  on  several  criteria: 

•  all  oral  carcinogens  will  be  included  in  the  final  surface  water  pathway  evaluation 

•  VOCs  were  excluded  from  this  pathway  based  on  the  same  rationale  as  previously 
discussed  for  soils 

•  a  modified  Tier  I  analysis  was  performed  to  evaluate  the  remaining  chemicals  for 
possible  exclusion  from  the  surface  water  pathway.  The  basis  of  this  screening 
analysis  is  to  estimate  a  highly  conservative  concentration  of  the  chemical 
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contaminants  in  the  impacted  surface  water  body  and  compare  this  to  the  Ambient 
Water  Quality  Criteria  (AWQC)  for  fish  consumption  by  humans.  If  a  chemical 
had  no  designated  AWQC,  it  was  excluded  from  this  analysis,  and  will  be 
included  in  the  more  detailed  surface  water  pathway  evaluation  in  the  actual  risk 
assessment.  The  total  areal  deposition  for  the  32  acre  watershed  of  Engineer’s 
Lake  was  determined  from  the  modeled  isopleths.  Lakewater  concentrations  for 
each  chemical  were  determined  by  dividing  the  total  amount  deposited  in  the  lake 
by  the  total  volume  of  the  lake.  It  was  conservatively  assumed  that  the  lake  had 
a  0.5  year  hydraulic  retention  time  and  that  all  chemicals  adsorbed  to  soil  runoff 
was  desorbed  into  the  water.  Table  3  in  Appendix  A  shows  the  results  of  this 
analysis.  It  was  concluded  that  the  nine  chemicals  evaluated  in  this  screen  could 
be  excluded  from  further  evaluation  based  on  the  criterion  that  their  conservatively 
predicted  water  concentrations  were  less  than  10  percent  of  their  respective 
AWQCs. 

3.3  TOXICITY  ASSESSMENT 

The  Integrated  Risk  Information  System  (IRIS)  computer  data  base  (EPA,  1990b)  will  be  referred 
to  for  the  most  recent  U.S.  EPA  reference  doses  and  cancer  potency  factors.  Other  EPA  sources, 
including  EPA’s  quarterly  Health  Effects  Assessment  Summary  Tables  (EPA,  1990c),  will  also 
be  used  for  those  chemicals  for  which  toxicity  values  are  unavailable  on  IRIS. 

For  those  chemicals  for  which  EPA-derived  potency  factors  or  reference  doses  are  unavailable, 
toxicity  values  will  be  derived  from  health-based  criteria  or  toxicity  data.  Derived  toxicity  values 
published  in  the  on-post  and  off-post  exposure  assessments  will  be  used  if  possible.  All 
approaches  for  the  derivation  of  reference  doses  or  cancer  potency  factors  will  be  fully  discussed 
in  the  risk  assessment.  The  use  of  derived  toxicity  values  and  the  methods  by  which  they  will 
be  derived  will  be  subject  to  the  review  of  U.S.  EPA  Region  VIE  and  RMA.  Tables  4A  and  $b 
in  Appendix  A  list  the  chemicals  of  concern  with  their  carcinogenic  slope  factors  and  reference 
loses,  respectively. 
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To  evaluate  dioxins  and  furans,  WESTON  will  follow,  if  applicable,  the  guidelines  set  forth  in 
the  Interim  Procedures  for  Estimating  Risks  Associated  with  Mixtures  of  CDDs  and  CPFs  (EPA, 
1989b). 

3.4  EXPOSURE  ASSESSMENT 

3.4.1  Exposure  Scenarios 

The  exposure  scenarios  have  been  evaluated  based  upon  the  air  dispersion  and  deposition 
modeling  results.  Theoretically,  to  determine  emissions  limits,  it  is  necessary  to  evaluate  only 
one  scenario,  the  most  reasonable  maximally-exposed  individual  (RMEI).  Reasonable  mavimum 
exposure  is  defined  by  the  U.S.  EPA  as  "the  highest  exposure  that  is  reasonably  expected  to 
occur  at  a  site"  (EPA,  1989a).  However,  the  RMEI  cannot  always  be  determined  based  on  the 
modeling  results  alone.  Therefore,  it  is  recommended  that  several  exposure  scenarios  be 
evaluated  in  the  risk  assessment.  The  scenario  ultimately  resulting  in  the  greatest  risk  (i.e.,  most 
exposed),  as  directed  in  the  Final  Decision  Document,  will  be  used  to  assess  numerical  chemical 
emissions  limits. 


Based  on  available  information  regarding  current  off-site  and  on-site  land  usage,  and  the  results 
of  the  air  deposition  modeling,  four  potential  RMEIs  have  been  identified.  The  scenarios 
presented  below  represent  present  use  conditions.  No  future  use  scenarios  were  included  since 
hypothetical  exposures  in  this  case  would  not  likely  exceed  any  present  use  exposures;  this  is 
based  on  the  assessment  that  pathways  of  exposure  and  areas  of  maximum  impact  of  emissions 
would  not  be  different  from  any  present  use  condition.  The  four  potential  RMEIs  are: 

®  An  individual  currently  living  within  the  residential  area  where  total  deposition 
(dry  plus  wet)  is  maximal  (i.e.,  just  south  of  the  property  fenceline). 

An  individual  currently  living  within  the  residential  area  where  dry  deposition  will 
be  maximal  (i.e.,  just  north  of  fenceline). 
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•  An  individual  currently  living  on  a  local  cattle  farm  where  total  deposition  is 
highest  for  that  land  use  (i.e.,  just  northwest  of  site). 

•  A  maintenance  worker  on  the  site  who  is  exposed  to  an  area  weighted  air 
concentration  and  wet/dry  deposition  as  determined  from  the  modeling  results. 

The  respective  locations  of  these  RMEIs  are  indicated  on  the  site  diagram  in  Appendix  A  (Figure 
1).  The  isopleths  developed  for  the  air  modeling  are  not  provided  here  but  will  presented  in  the 
final  report.  Note  that  all  residential  exposure  scenarios  include  a  fish  consumption  pathway 
based  on  the  finding  that  Engineer’s  Lake,  a  recreational  fishing  area,  is  impacted  by  the 
deposition  analysis.  The  Lake  is  located  just  west  of  RMA  near  Adams  City. 

Subsections  3.4.2  through  3.4.4  detail  the  specific  equations  or  approaches  for  determining  media 
concentrations,  and  the  exposure  algorithms  and  input  parameters  that  will  be  employed  by 
WESTON  in  determining  estimated  daily  intakes  (i.e.,  doses)  of  each  of  the  pollutants.  When 
available,  site-specific  or  more  recently  developed  input  factors  (e.g.,  ingestion  rates)  will  be  used 
in  preference  to  the  factors  presented  in  the  protocol.  Table  5  of  Appendix  A  is  a  summary  of 
the  key  input  parameters  for  air  and  soil  pathways  which  has  been  developed  in  consultation  with 
Dr.  Chris  Weis  of  EPA  VIII  and  following  a  review  of  the  offsite  and  onsite  exposure 
assessments  performed  previously  for  RMA.  Additional  parameters  are  discussed  with  the 
algorithms  in  Sections  3.2.2  through  3.2.4.  Depending  on  the  results  of  the  evaluation  of  local 
land  and  water  usages  and  final  contaminant  pathways  analysis,  it  is  possible  that  some  of  these 
algorithms  will  not  be  included.  The  exposure  algorithms  presented  in  these  subsections  estimate 
daily  exposure  doses  based  on  expected  media  concentrations  determined  through  the  dispersion 
and  deposition  modeling  results.  Adjustments  to  lifetime  exposure  doses  will  be  determined  in 
the  risk  characterization  section.  Section  3.5  discusses  this  in  more  detail. 

A  groundwater  exposure  pathway  has  not  been  included  in  this  protocol.  It  has  been  WESTON’s 
experience  that  groundwater  contamination  from  incinerator  facility  emissions  is  minimal  and 
makes  no  significant  contribution  to  total  risk.  Current  EPA  guidance  for  assessing  health  risks 
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associated  with  combustor  emissions  indicates  that  the  evaluation  of  the  groundwater  pathway 
is  unnecessary  due  to  limited  potential  for  groundwater  contamination  (EPA,  1990a).  However, 
should  groundwater  recharge  patterns  and  private  well  use  be  significant  factors  at  the  proposed 
site,  this  pathway  can  be  further  evaluated. 

3.4.2  Inhalation  Exposure 

3.4.2.1  Air  Concentrations  of  Pollutants 

The  concentrations  of  pollutants  in  the  ambient  air  will  be  determined  based  on  the  dispersion 
modeling  results. 

3.4.2.2  Exposure  through  Inhalation 

Dose  From  Ambient  Air  Respiration  \ 

Inhalation  =  Concentration  x  Rate  x  Body  Weight 
(mg/kg/day)  (mg/m3)  (m3/day)  (kg) 

Where: 

•  Respiration  Rate  =  20  m3/day  -  adult  (EPA,  1989c),  10  m3/day  -  child  (USNRC, 
1977),  3.8  m3/day  -  infant  (NCRP,  1984) 

•  Body  Weight  =  70  kg  -  adult,  15.5  kg  -  child,  9  kg  -  infant  (0-1  yr  old)  (EPA, 
1989c;  Ebasco,  1989) 

3.4.3  Ingestion  Exposure 

3.4.3.1  Soil  Concentrations  of  Pollutants 

Contaminants  with  no  expected  significant  degradation: 
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Expected 

Maximum  Total  Facility 

Contaminant  Deposition  Rate  103  mg  Life 

Concentration  =  (g/m2/year)  x  g  x  (years) 

in  Soil  - 

(mg/kg)  Soil  Density  x  Soil  Mixing  Depth 

(kg/m3)  (m) 


Where: 


Expected  Facility  Life  =  2  years 


Soil  Density  =  site  specific 


Soil  Mixing  Depth  =  0.1  m  (for  unfilled  soil)  (EPA,  1990a) 

=  0.2  m  (for  tilled  soil)  (EPA,  1990a) 


Contaminants  with  expected  significant  degradation: 


Maximum 
Contaminant 
Concentration 
in  Soil 
(mg/kg) 


l-e(‘kt)  x  Total  Deposition  Rate  x  103  mg 
(g/m2/year)  g 


k  x  Soil  Density  x  Soil  Mixing  Depth 
(kg/m3)  (m) 


Where: 


k  =  Decay  Coefficient  (yr4),  chemical  specific 
t  =  Expected  Facility  Life  =  2  years* 


*An  average  concentration  is  also  calculated  for  the  contaminants  with  expected  loss  using  a 
computerized  model  which  takes  into  account  daily  degradation  over  70  years. 
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3.4.3.2  Exposure  from  Soil/Dust  Ingestion 


Contaminant  Contaminant  Dust 

Dose  from  Concentration  Soil  Dust  Ingestion 

Soil/Dust  =  in  Soil  x  Ingestion  Rate  +  Cone  x  Rate 

m§/k§)  .(kg/ day) _ (mg/kg)  Rate  fkg/davl 

Body  Weight  (kg) 


Dust  concentrations  are  assumed  to  be  equal  to  the  0.1  m  mixing  depth  soil  concentrations. 


Where: 


Annual  average  dust  ingestion  rate  =  4.26E-06  kg/day  -  adult  (EPA, 
1989c). 


Annual  average  soil  ingestion  rate  =  5.7E-05  kg/day  -  adult  (EPA,  1989c). 


Soil/Dust  Ingestion  Rate  =  1.65  E-04  kg/day  -  child  (EPA,  1989c). 


Body  Weight  =  70  kg  -  adult,  15.5  kg  -  child  (EPA,  1989c). 


3.4.3.3  Garden  Produce  Ingestion 


Contaminant 
Concentration 
in/on  = 
Produce 
(mg/kg) 


Contaminant 
Concentration 
in  Soil 
(mg/kg) 


x  Root  + 
Uptake 
Factor 


Dry 

Deposition  x 
Rate 

(g/m2/year) 


Vertical  Surface 
Deposition  x 
Factor 
(m2sec/kg) 


g 

—  x 

103  mg 


3.15E+07  sec 


yr 


For  root  vegetables,  the  second  term  of  this  equation  (i.e.,  the  contribution  of  contaminant 
deposition  on  the  plant)  drops  out.  The  second  term  also  drops  out  when  calculating  the 
contaminant  concentrations  in/on  leafy  vegetables  and  garden  fruits  during  the  years  after  the 
facility  is  closed. 
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Where: 


Soil  concentration  is  calculated  with  an  assumed  mixing  depth  of  20  cm  (EPA, 
1990a). 


Root  Uptake  Factor  -  chemical  specific  (inorganics:  Baes  et  al.,  1984;  organics 
calculated  based  on  Briggs  et  al.,  1982  (root  vegetables)  and  Travis  and  Arms, 
1988). 


Vertical  Surface  Deposition  Factor  =  r  (l-e'kt) 

Yk 


r  =  Interception  fraction  of  the  plant  (unitless)  (Baes  et  al., 

1984). 

k  =  Total  rate  constant  for  degradation  process  (seconds'1)  (Baes 

et  al.,  1984). 


t  =  Growing  Time  (seconds) 

y  =  Plant  Yield  (wet  weight)  (kg/m2) 


Contaminant 
Dose  from 
Produce  Ingestion 
(mg/kg/day) 


Contaminant 
Concentration 
in  Leafy 
Vegetables 
(mg/kg) 


Leafy 
Vegetable 
Consumption 
x  Rate  x 
(kg/day) 


Fractions 
Homegrown  + 


Contaminant  Root  Vegetable 
Concentration  Consumption 

in  Root  x  Rate  x  Fraction  + 
Vegetables  (kg/day)  Homegrown 

(mg/kg) 


Contaminant 
Concentration 
in  Garden  x 
Fruits 
(mg/kg) 


Garden 

Fruit 

Consumption 

Rate 

(kg/day) 


Fraction 

x  Homegrown 


1 


x  Body  Weight  (kg) 


Where: 
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Consumption  Rates  in  wet  weight  (calculated  from  EPA,  1986  and  Baes  et  al., 
1984) 

leafy  vegetables  =  4.82E-02  kg/day  -  adult,  9.64E-03  kg/day  -  child, 
root  vegetables  =  1.49E-02  kg/day  -  adult,  6.26E-03  kg/day  -  child, 
garden  fruits  =  8.61E-02  kg/day  -  adult,  3.34E-02  kg/day  -  child. 

Body  Weight  =  70  kg  -  adult,  15  kg  -  child  (EPA,  1989c). 


Fraction  Homegrown  (rural)  =  0.596  (EPA,  1986). 


To  the  extent  possible,  local  consumption  rates  and  homegrown  fractions  will  be  further 
investigated  as  part  of  the  land  use  analysis. 

3.4.3.4  Surface  Water  Concentrations  of  Pollutants 

If  the  surface  water  pathway  is  determined  to  be  a  key  exposure  route,  surface  water 
concentrations  will  be  determined  using  a  Tier  2  analysis  (EPA,  1990a).  If  requested,  the  details 
of  the  surface  water  model  will  be  provided  in  a  supplementary  memorandum. 

3.43.5  Drinking  Water  Ingestion 

Contaminant 

Dose  from  Estimated 

Surface  Water  =  Surface  Water 
Ingestion  Concentration 

(mg/kg/day)  (mg/L) 

Where: 

•  Surface  Water  Consumption  Rate  =  1.4  L/day  -  adult,  1  L/day  -  child  (EPA, 
1989c) 

•  Body  Weight  =  70  kg  -  adult,  15  kg  -  child  (EPA,  1989c). 


Surface  Water  1 

Consumption  _ 

x  Rate  x  Body  Weight 
(L/day)  (kg) 
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3.4.3.6  Fish  Ingestion 


Contaminant 
Concentration 
in  Fish 
(mg/kg) 


Contaminant 
Concentration 
in  Water  x 
(mg/L) 


Adjusted 

Bioconcentration 

Factor 


(L/kg) 


Where: 

•  Adjusted  Bioconcentration  Factor:  compound  specific,  adjusted  to  account  for 
difference  in  lipid  content  in  test  and  study  organism  (if  information  is  available) 


Where: 


Bioconcentration  Factor  x  LC  Study 

LC  Test 


LC  study  =  lipid  concentration  in  study  organism 
LC  test  =  Lipid  concentration  in  test  organism 


If  data  are  available,  an  adjustment  of  the  predicted  contaminant  concentration  in  the  whole  body 
of  the  fish  to  a  concentration  in  the  edible  portion  of  the  fish  will  be  made. 


Contaminant  Contaminant  Daily  Fish  1 

Dose  from  =  Concentration  x  Consumption  x  - 

Fish  Ingestion  in  Fish  Rate  Body  Weight 

(mg/kg/day)  (mg/kg)  (kg/day)  (kg) 


Fish  Consumption  Rate  =  0.030  kg/day  -  adult  (EPA,  1989c),  0.015  kg/day  -  child. 


Body  Weight  =  70  kg  -  adult,  15  kg  -  child  (EPA,  1989c). 
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3.4.3.7  Ingestion  of  Meat  and  Milk 


Animal  Feed 
(Pasture  Grass, 

Hay,  Grain,  and  = 

Com  Silage) 

Contaminant 

Concentration 

(mg/kg) 

Contaminant 
Concentration 
in  Soil  x 

(mg/kg) 

Root  Uptake  Dry  Deposition 

Factor  +  Rate 

(g/m2/yr) 

Vertical 
x  Surface 

Deposition  Factor 
(m2sec/kg) 

1,000  mg 

yr 

A.  " 

g 

3.15E+07  sec 

Only  the  first  term  of  the  equation  applies  for  calculating  contaminant  concentration  in  grain. 
The  second  term  also  drops  out  when  calculating  contaminant  concentrations  in/on  other  animal 
feed  during  the  years  after  the  facility  is  closed. 

Where: 


Vertical  Surface  Deposition  Factor  (see  Section  3.2.3). 


Root  Uptake  Factor  -  chemical  specific. 


Contaminant 
Concentration  in 
Animal  Diet 
(mg/kg) 


Where: 


Contaminant 
Concentration 
in  Animal  Feed 
=  Concentration  x 
(mg/kg) 


Daily 
Intake  of 
Feed 
(kg/day) 


+ 


Contaminant  Daily 
Concentration  Intake  of 

in  Soil  x  Soil 
(mg/kg)  (kg/day) 


Daily  Intake  Daily  Intake 

of  Feed  +  of  Soil 

(kg/day)  (kg/day) 


Daily  Intake 

Feed  =  dependent  on  area-specific  farming  practices  and  type  of  cattle 
Soil  =  2  percent  of  grazing  diet  (Fries,  1986) 
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•  Soil  Concentration  -  Calculated  using  a  0.1  m  mixing  depth  for  untilled  soil  (e.g., 
pasture  grass)  and  a  0.20  m  mixing  depth  for  tilled  soil  (e.g.,  com,  grain,  hay). 
(EPA,  1990a). 

Contaminant 

Concentration  Animal  Tissue  Total  Feed 

In  Animal  Product  =  Intake  x  Uptake  x  Intake* 

(mg/kg)  (mg/kg)  Factor  (kg/day) 

(day/kg) 


Tissue  Uptake  Factor  -  contaminant  specific  (Baes  et  al„  1984;  Fries,  1986;  Travis 
et  al.,  1988). 

Total  feed  intake  is  not  used  in  determining  dioxin  concentrations  in  animal 
products  and  the  dioxin  tissue  uptake  factor  is  unitless. 


Contaminant  Product 

Contaminant  Dose  Concentration  x  Consumption  x  Fraction 

from  Animal  =  in  Animal  Product  Rate  Homegrown 

Product  Ingestion  (mg/kg)  (kg/day)  Product 


Body  Weight  (kg) 


Where: 

•  Product  Consumption  Rates: 

Beef  =  0.037  kg/day  -  child  (Pao  et  al.,  1982),  0.067  kg/day  -  adult  (Fries, 
1986). 

Beef  fat  =  0.009  kg/day  -  child  (EPA,  1986),  0.015  kg/day  -  adult  (Fries, 
1986). 

Milk  =  0.39  kg/day  -  child  (Pao  et  al.,  1982),  0.305  kg/day  -  adult  (Fries, 
1986). 

Milk  fat  =  0.016  kg/day  -  child  (EPA,  1986),  0.01  kg/day  -  adult  (Fries, 
1986) 


Fraction  Homegrown  or  obtained  from  a  local  source  (rural) 
Beef  =  0.44  (EPA,  1986) 

Milk  =  0.3994  (EPA,  1986) 
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Body  Weight  =  70  kg  -  adult,  15  kg  -  child  (EPA,  1989c). 


3.4.3.8  Breast  Milk  Ingestion 


Breast  Milk 
Concentration 
(mg/kg) 


Sum  of  Contaminant 
Doses  to  Mother 
(mg/kg/day) 


Breast  Milk 
x  Transfer  Factor 
(day) 


Where: 


Sum  of  Contaminant  Doses:  Total  dose  through  all  exposure  routes 


Breast  Milk  Transfer  Factor:  chemical  specific  (Smith,  1987;  Travis  et  al.,  1988) 


pie  breast  milk  pathway  will  be  evaluated  for  organic  contaminants  only  due  to  insufficient 
information  regarding  breast  milk  transfer  factors  (based  on  estimated  daily  intakes)  for  metals 
in  human  milk. 

Infant  Contaminant 

Contaminant  Concentration  Milk  Ingestion 

Dose  =  in  Breast  Milk  x  Rate 

(mg/kg/day)  (mg/kg)  (kg/day) 


Infant  Body  Weight 
(kg) 

Where: 

•  Milk  Ingestion  Rate  =  0.8  kg/day  (Smith,  1987) 

•  Infant  Body  Weight  (0-1  yr  old)  =  9  kg  (EPA,  1989c) 


3.4.4  Dermal  Exposure 


Dose  Contaminant 

From  Concentration 

Dermal  =  in  Soil 
Contact  (mg/kg) 

(mg/kg/day) 


Exposed 

Skin  Soil  Adherence  Dermal 
x  Surface  x  Factor  x  Absorption 
Area  (mg/cm2/event)  Factor 
(cm2) 
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Number  of  Exposure  kg  week  1 

x  Events  per  Week  x  -  x  -  x - 

(events/wk)  106  mg  7  days  Body  Weight  (kg) 


Where: 

•  Exposed  Skin  Surface  (arm  and  hand)  Area:  3190  cm2  -  adult,  1,480  cm2  -  child 
(Anderson  et  al.,  1985). 

•  Soil  Adherence  Factor  -  1.45  mg/cm2  (EPA,  1989a). 


Dermal  Absorption  Factor  -  chemical  specific  (based  on  Skog  and  Wahlberg, 
1964;  Poiger  and  Schlatter,  1980). 


Body  Weight  =  70  kg  -  adult,  15  kg  -  child  (EPA,  1989cc). 


3.5  RISK  CHARACTERIZATION 


3.5.1  Evaluation  of  Risk 


3.5.1.1  Noncarcinogenic  Risk 

Noncarcinogenic  risk  will  initially  be  evaluated  by  comparing  contaminant  doses  to  chronic 
reference  doses.  The  contaminant  dose:  reference  dose  ratios  (i.e.,  hazard  quotients)  will  be 
summed  to  calculate  the  total  chronic  hazard  index.  Separate  hazard  indices  will  be  calculated 
for  the  adult,  child,  and  infant.  If  a  chronic  hazard  index  exceeds  one,  the  potential  for  acute 
health  effects  will  also  be  determined,  by  comparing  the  contaminant  doses  to  available  or 
derived  short-term  toxicity  values. 

3.5.1.2  Carcinogenic  Risk 

The  carcinogenic  risk  posed  by  each  contaminant  through  each  exposure  route  will  be  calculated 
using  the  following  equation: 
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Cancer  Contaminant  Carcinogenic  Exposure 

Risk  =  Dose  x  Potency  x  Duration 

(mg/kg/day)  Factor  Adjustment 

(mg/kg/day)'1 

The  exposure  duration  adjustment  takes  into  account  the  length  of  exposure,  in  effect  averaging 
the  calculated  daily  contaminant  dose  over  a  70-year  lifetime.  The  total  risk  posed  by  each 
contaminant  will  be  calculated  by  adding  the  risks  posed  by  the  contaminant  through  all  exposure 
routes.  The  lifetime  incremental  cancer  risk  posed  by  all  contaminants  will  be  estimated  by 
summing  the  risks  posed  by  all  contaminants  through  all  exposure  routes. 

3.5.2  Uncertainty  Analysis 

All  key  assumptions  and  uncertainties  and  their  potential  effects  on  the  risk  estimates  presented 
in  the  risk  characterization  will  be  summarized.  A  quantitative  sensitivity  analysis  will  be 
performed  for  some  of  the  assumptions  that  are  indicated  to  have  the  greatest  impact  on  the 
calculation  of  total  risk. 
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TABLE  1 .  EMISSION  RATES  FOR  ROCKY  MOUNTAIN  ARSENAL 
BASIN  F  WASTE  SUBMERGED  QUENCH  INCINERATOR 


Category/ 

Pollutant 

(ton/yr) 

Base  Case  (a) 

(lb/hr) 

(g/sec)  (c) 

( ton/yr ) 

Sensitivity  Case  fb) 
(lb/hr) 

Dioxins/Furans 

U.S.EPATEF 

4.16E-09 

1.19E-09 

1.50E-10 

6.63E-08 

1.90E-08 

Metals 

Aluminum 

1.80E-02 

5.15E-03 

6.49E-04 

2.50E-02 

7.14E-03 

Antimony 

6.34E-04 

1.81  E-04 

2Z8E-05 

1.35E-03 

3.85E-04 

Arsenic 

3.59E-03 

1.03E-03 

129E-04 

8.67E-03 

2.48E-03 

Barium 

8.79E-04 

2.51  E-04 

3.16E-05 

8.79E-04 

2.51  E-04 

Beryllium 

3.66E-05 

1.05E-05 

1.32E-06 

7.20E-05 

2.06E-05 

Boron 

2.68E-02 

7.65E-03 

9.63E-04 

3.63E-02 

1.04E-02 

Cadmium 

5.62E-04 

1.61  E-04 

2.02E-05 

2.17E-03 

6.20E-04 

Calcium 

1.54E-01 

4.39E-02 

5.53E-03 

2.93E-01 

8.36E-02 

Chromium 

2.47E-04 

7.05E-05 

8.88E-06 

3.32E-04 

9.49E-05 

Cobalt 

7.89E-04 

2.25E-04 

2.84E-05 

8.13E-04 

2.32E-04 

Copper 

3.35E+00 

9.59E-01 

121E-01 

6.35E+00 

1.82E+00 

Iron 

4.77E-02 

1.36E-02 

1.72E-03 

8.13E-02 

2.32E-02 

Lead 

1.12E-03 

3.21E-04 

4.05E-05 

2.17E-03 

6ZOE-04 

Lithium 

1.10E-04 

3.14E-05 

3.96E-06 

2.07E-04 

5.92E-05 

Magnesium 

1.43E-01 

4.08E-02 

5.14E-03 

2.39E-01 

6.81E-02 

Manganese 

6.16E-03 

1.76E-03 

2.22E-04 

6.93E-03 

1.98E-03 

Mercury 

9.93E-04 

2.84E-04 

3.57E-05 

1.49E-03 

4.25E-04 

Molybdenum 

1.10E-02 

3.15E-03 

3.97E-04 

1.14E-02 

325E-03 

Nickel 

2.86E-02 

8.18E-03 

1.03E-03 

2.97E-02 

8.49E-03 

Potassium 

1.14E+00 

3.25E-01 

4.09E-02 

2.54E+00 

7.24E-01 

Selenium 

9.20E-03 

2.63E-03 

3.31E-04 

9.20E-03 

2.63E-03 

Silicon 

1.58E-01 

4.52E-02 

5.70E-03 

1.89E-01 

5.41E-02 

Silver 

9.52E-05 

2.72E-05 

3.43E-06 

1.03E-04 

2.96E-05 

Sodium 

6.49E+01  ' 

1.85E+01 

2.34E+00 

5.56E+Q2 

1.59E+02 

Strontium 

3.66E-05  - 

1.05E-05 

1.32E-06 

5.66E-05 

1.62E-05 

Thallium 

9Z5E-03 

2.64E-03 

3.33E-04 

9.25E-03 

2.64E-03 

Tin 

8.09E-03 

2.31E-03 

2.91E-04 

8.79E-03 

2.51E-03 

Titanium 

6.10E-05 

1.74E-05 

220E-06 

1.07E-04 

3.07E-05 

Vanadium 

2.34E-03 

6.68E-04 

8.42E-05 

2.62E-03 

7.49E-04 

Yttrium 

NA 

NA 

NA 

2.14E-05 

6.11E-06 

Zinc 

1.63E-02 

4.65E-03 

5.86E-04 

3.34E-02 

9.54E-03 

Organics 

1 ,1-Dichloroethene 

6.53E-07 

1.87E-07 

2.35E-08 

1 ,2-Dichloroethene 

5.99E-08 

1.71E-08 

2.16E-09 

1 ,2-Dichloropropane 

1.60E-06 

4.58E-07 

5.77E-08 

1 ,3-Dimethy  lbenzene 

2.09E-07 

5.96E-08 

7.51E-09 

Acetone 

5.61E-06 

1.60E-06 

2.02E-07 

Ammonia 

1.68E-01 

4.79E-02 

6.03E-03 

Benzene 

3.82E-07 

1.09E-07 

1.37E-08 

Bromomethane 

2.60E-08 

7.43E-09 

9.36E-10 

Carbon  Tetrachloride 

4.34E-07 

1Z4E-07 

1.56E-08 

Chlorobenzene 

1.15E-07 

3.29E-08 

4.15E-09 

Chloroform 

7.50E-07 

2.14E-07 

2.70E-08 

Dicyclopentadiene 

1.60E-07 

4.57E-08 

5.76E-09 

Ethylbenzene 

2.38E-07 

6.79E-08 

8.55E-09 

Methanol 

1.38E-Q2 

3.94E-03 

4.96E-04 

Methylene  Chloride 

729E-06 

2.08E-06 

2.62E-07 

Tetrachlorethene 

3.93E-07 

1.12E-07 

1.42E-08 

Toluene 

6.83E-08 

1.95E-08 

2.46E-09 

Trichloroethene 

128E-06 

3.66E-0  7 

4.62E-08 

Xylene 

7.59E-07 

2.17E-07 

2.73E-08 

4-Chlorophenylmethylsulfone 

3.94E-Q4 

1.13E-04 

1.42E-05 

4-Chlorophenylmethylsulfoxide 

4.86E-05 

1.39E-05 

1.75E-06 

(g/sec)  (c) 


2.39E-09 


8.99E-04 

4.85E-05 

3.12E-04 

3.16E-05 

2.59E-06 

1.31E-03 

7.81E-05 

1.05E-02 

120E-05 

2.93E-05 

229E-01 

2.93E-03 

7.81E-05 

7.45E-06 

859E-03 

2.50E-04 

5.35E-05 

4.09E-04 

1.07E-03 

9.13E-02 

3.31  E-04 

6.81E-03 

3.72E-06 

2.00E+01 

2.04E-06 

3.33E-04 

3.16E-04 

3.87E-06 

9.44E-05 

7.70E-07 

120E-03 


TABLE  1 .  EMISSION  RATES  FOR  ROCKY  MOUNTAIN  ARSENAL 
BASIN  F  WASTE  SUBMERGED  QUENCH  INCINERATOR 

(continued) 


Category/ 

Pollutant 


Organic 

4-Nitrophenol 

Aldrin 

Atrazine 

Hydrogen  Cyanide 
Dieldrin 

Diisopropyl  Methylphosphonate 

Dimethyl  Methylphosphonate 

Dimethyldisulfide 

Dithiane 

Endrin 

Hexachlorocyclopentadiene 

Isodrin 

Malathion 

Parathion 

Supona 

Urea 

Vapona 

p,p-DDE 

p,p-DDT 


iPICs  with  Specific  Precursors 


(ton/yr) 


3.02E-05 

3.63E-06 

7.95E-07 

3.38E-06 

7.44E-07 

1.25E-04 

3.09E-03 

3.61E-04 

1.26E-07 

7.23E-07 

6.69E-06 

1.88E-06 

2.93E-06 

3.98E-07 

1.23E-06 

5.17E-01 

3.22E-06 

3.94E-07 

1.23E-06 


Base  Case  (a) 

(Ibfkr) 


8.6  2E-06 
1.04E-06 
227E-07 
9.66E-07 
2.13E-07 
3.58E-05 
8.83E-04 
1.03E-O4 
3.61E-08 
2.07E-07 
1.91E-06 
5.38E-07 
8.36E-07 
1.14E-07 
3.51E-07 
1.48E-01 
9.19E-07 
1.13E-07 
3.51E-07 


(g/sec)  (c) 


1.09E-06 

1.31E-07 

2.86E-08 

1.22E-07 

2.68E-08 

4.50E-06 

1.11E-04 

1.30E-05 

4.55E-09 

2.60E-08 

2.41E-07 

6.78E-08 

1.05E-07 

1.43E-08 

4.42E-08 

1.86E-02 

1.16E-07 

1.42E-08 

4.42E-08 


Vinyl  Chloride 

7.07E-O4 

2.02E-04 

2.55E-05 

Methyl  Chloride 

7.03E-04 

2.01E-04 

2.53E-05 

Styrene 

7.05E-04 

2.01E-04 

2.54E-05 

Phenol 

3.81E-03 

1.09E-03 

1.37E-04 

Benzaldehyde 

7.32E-04 

2.09E-04 

2.64E-05 

Benzoic  Acid 

3.54E-04 

1.01E-04 

1.27E-05 

Acetonitrile 

3.38E-06 

9.66E-07 

122E-07 

Acrylonitrile 

3.38E-07 

9.66E-08 

1.22E-08 

Cyanogen 

3.38E-08 

9.66E-09 

1.22E-09 

Hexachlorobenzene 

2.40E-06 

6.87E-07 

8.66E-08 

Pentachlorobenzene 

1.07E-06 

3.07E-07 

3.87E-08 

Tetrachlorobenzene 

4.54E-07 

1.30E-07 

1.63E-08 

Trichlorobenzene 

2.41E-07 

6.89E-08 

8.68E-09 

Dichlorobenzene 

129E-07 

3.68E-08 

4.64E-09 

Biphenyl 

3.56E-04 

1.02E-04 

1.28E-05 

4-Chlorobiphenyl 

2.38E-03 

6.79E-04 

8.55E-05 

4,4-Chlorobiphenyl 

4.47E-05 

1.28E-05 

1.61E-06 

Benzonitrile 

Pyridine 

3.38E-07 

3.38E-08 

9.66E-08 

9.66E-09 

1J22E-08 

122E-09 

Carbazole 

6.76E-08 

1.93E-08 

2.43E-09 

Quinoline 

1.69E-07 

4.83E-08 

6.09E-09 

Cs  without  Specific  Precursors 
Benzofuran 

1.40E-03 

4.01E-04 

5.06E-05 

Dibenzofuran 

7.02E-05 

2.01  E-05 

2.53E-06 

Acenaphthalene 

3.51E-04 

1.00E-04 

U26E-05 

Acenaphthene 

3.51E-04 

1.00E-04 

1.26E-05 

Fluoranthene 

2.11E-04 

6.02E-05 

7.58E-06 

Phenanthrene 

1.40E-04 

4.01  E-05 

5.06E-06 

Pyrene 

7.02E-05 

2.01E-05 

2.53E-06 

Fluorene 

7.02E-05 

2.01E-05 

2.53E-06 

Benzo(a)pyrene 

7.02E-05 

2.01E-05 

2.53E-06 

Dibenzo(a)anthracene 

7.02E-05 

2.01  E-05 

2.53E-06 

Chiysene 

7.02E-05 

2.01  E-05 

2.53E-06 
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TABLE  1.  EMISSION  RATES  FOR  ROCKY  MOUNTAIN  ARSENAL 
BASIN  F  WASTE  SUBMERGED  QUENCH  INCINERATOR 

(continued) 


Category/ 

Pollutant 

( ton/yr ) 

Base  Case  (a) 

(Ib/hr) 

(g/sec)  (c) 

(ton/yr) 

Sensitivity  Case  (b) 
(Ib/hr) 

(g/sec)  (c) 

Acid  Gases  &  Other  Compounds 

Particulate  Matter 

14.00 

(d) 

4.00 

0.50 

14.00 

4.00 

0.50 

Carbon  Monoxide 

4.71 

1.35 

0.17 

7.29 

(P 

2.08 

0.26 

Hydrogen  Chloride 

4.73 

(e) 

1.35 

0.17 

14.00 

(g) 

4,00 

0.50 

Hydrogen  Fluoride 

5.23 

1.494 

0.188 

15.35 

4.385 

0.552 

Nitric  Acid 

3.85 

1.10 

0.14 

3.85 

1.10 

0.14 

Nitrogen  Dioxide 

32.13 

9.18 

1.16 

143.22 

(g> 

40.92 

5.16 

Phosphate 

1.77 

0.51 

0.06 

3.51 

1.00 

0.13 

Sulfuric  Acid 

10.40 

2.97 

0.37 

17.34 

4.96 

0.62 

Sulfur  Dioxide 

24.43 

(e) 

6.98 

0.88 

101.50 

(g) 

29.00 

3.65 

(a)  These  estimates  are  based  upon  the  acceptable  results  during  the  test  bum  for  dioxins /furans  and  the  maximum  of  the  acceptable 
test  results  or  the  maximum  of  the  averages  waste  stream  data  for  inorganics  (including  metals,  add  gases  and  other  compounds). 

The  volatile  and  semi-volatile  organic  emissions  are  based  upon  Dellinger* s  analysis  of  the  maximum  of  the  averages  wastestream  data. 

(b)  For  metals:  based  upon  the  maximum  value  of  the  test  results  from  the  test  bum,  the  maximum  of  the  maximum  values  from  the 
wastestream  data,  and  the  EPA  Guidance  Tier  H  limits  for  complex  terrain. 

For  dioxins/furans:  based  upon  the  95%  confidence  interval  from  WESTON's  hazardous  waste  incinerator  emissions  database. 

For  add  gases  &  other  compounds:  based  upon  the  maximum  value  of  the  test  results  from  the  test  bum  and  the  maximum  of  the 
maximum  values  from  the  wastestream  data. 

(c)  Assuming  7000  operating  hours  per  year. 

(d)  Based  upon  Colorado's  emission  limitation  of  0.08  gr/dscf  @  12%  C02. 

(e)  Based  upon  the  February  1989  test  bum,  which  tested  for  the  specific  compound. 

(f)  Based  upon  Federal  emission  limitation  of  100  ppm. 

(g)  Based  upon  vendor  performance  guarantees. 
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TABLE  3 


Chemicals  of  Concern  Evaluated*  in  Tier  1  Surface  Water 
Analysis  For  Rocky  Mountain  Arsenal 


A 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 


03-Dec- 

02:46:14 


90 

PM 


POLLUTANTS 

ORGANICS 

Fluoranthene 
Pentachlorobenzene 
Tetrachl orobenzene 

INORGANICS 
Antimony 
Chromium  (III) 
Manganese 
Mercury 
Nickel 
Thai  1 ium 


EMISSION 

RATE 

(g/sec) 

1.91E-09 
9.73E-12 
4 . 1 IE- 12 


3.90E-03 

1.20E-05 

2.50E-04 

3.90E-03 

1.07E-03 

3.90E-03 


TOTAL 

DEPOSITION 

RATE 

(g/m2*yr) 

1.72E-12 

8.76E-15 

3.70E-15 


3.51E-06 

1.08E-08 

2.25E-07 

3.51E-06 

9.63E-07 

3.51E-06 


TOTAL 

BASIN 

DEPOSITION 

(g/yr) 

2.23E-07 

1.13E-09 

4.79E-10 


4.55E-01 

1.40E-03 

2.91E-02 

4.55E-01 

1.25E-01 

4.55E-01 


WATER 

CONCENTRATION 

(mg/1) 

3.23E-13 
1.64E-I5 
6.93E-16 


6.58E-07 

2.02E-09 

4.22E-08 

6.58E-07 

1.81E-07 

6.58E-07 


9.00E-04  Total  deposition  factor  (g/m2*yr)/(q/sec) 
1.30E+05  Total  basin  area  (m2)  y  m9  J 

5.00E-0I  Hydraulic  residence  time  (yr) 

3 • 45E*05  Lake  volime  (m3) 

1.00E-03  Conversion  factor  (m3/l) 

1.00E+03  Conversion  factor  (mg/g) 

TOR  -  ER’TDF 
TBO  -  TOR'TBA 

Cwater  =  TBD’HRT*CF*CF/VOL 


H 


AWQCs 

FISH  INGESTION 
(mg/1) 

5.40E-02 

8.50E-02 

4.80E-02 


4.50E*01 
3.43E+03 
1.00E-01 
1.46E-04 
1 . 00E-01 
4.80E-02 


All  chemicals  evaluated  in  this  analysis  will  be  excluded  from  the 
surface  water  pathway  in  the  risk  assessment. 
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FIGURE  1.  Locations  of  Reasonable,  Maximally-Exposed  Individuals 
Based  Upon  Ambient  Air  and  Deposition  Modeling  Data. 

(A)  Area  of  maximum  total  deposition  (residential);  (B)  Area  of 
maximum  dry  deposition  and  maximum  ambient  groundlevel  air 
concentration  (residential);  (C)  Area  of  maximum  total  deposition 
for  local  cattle  farm;  (D)  A  maintenance  worker  on-site  exposed 
to  area  weighted  total  deposition  and  ambient  groundlevel  air 
concentrations . 
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TABLE  4A 


Rocky  Mountain  Arsenal  (RMA) 
Slope  Factors  for 
Carcinogenic  Health  Effects 
(mg/kg/dayM) 


EPA 

IARC 

Inhalation 

Reference  or 

Oral 

Reference  or 

Dermal 

Carcinogenicity  Carcinogenicity 

Route 

Basis  of 

Route 

Basisof 

Route 

Pollutant 

Classification 

Classification 

Slope  Factor 

Inhalation 

Slope  Factor 

Slope 

Factor 

Oral  Slope 

Factor 

Slope 

Factor 

Organics 


Acrylonitrile 

Bt 

2A 

2.40E-01 

IRIS,  1990 

5.40E-01 

IRIS,  1990 

NC 

Aldrin 

B2 

3 

1.70E+01 

IRIS,  1990 

1.70E+01 

IRIS,  1990 

3.40E+01 

Benzene 

A 

1 

2.90E-02 

IRIS,  1990 

2.90E-02 

IRIS,  1990 

NC 

Carbazole 

B2 

3 

2.00E-02 

OSF 

2.00E-02 

EBASCO,  1990 

4,00E-02 

Carbon  Tetrachloride 

B2 

2B 

1.30E-01 

IRIS,  1990 

1 -30E-01 

IRIS,  1990 

NC 

Chloroform 

B2 

2B 

8.10E-02 

IRIS.  1990 

6.10E-03 

IRIS,  1990 

NC 

DDE 

B2 

3.40E-01 

OSF 

3.40E-01 

IRIS,  1990 

6.80E-01 

DDT 

B2 

2B 

3.40E-01 

IRIS,  1990 

3.40E-01 

IRIS,  1990 

6.80E-01 

1 ,4-Dichlorobenzene 

B2 

2B 

2.40E-02 

ORD  EPA,  1990 

2.40E-02 

EPA,  1990 

NC 

1,1-Dichloroethene 

C 

1.20E+00 

IRIS,  1990 

6.00E-01 

IRIS,  1990 

NC 

1t2-Dichk>ropropane 

B2 

3 

6.80E-02 

ORD  EPA,  1990 

6.80E-02 

EPA,  1990 

NC 

Dieldrin 

B2 

3 

1.60E+01 

IRIS,  1990 

1.60E+01 

IRIS,  1990 

3.20E+01 

Dioxins/Furans  {as  2,3,7,8TCDD) 

B2 

2B 

1.13E+05 

EPA,  1990 

1.50E+05 

EPA,  1990 

3.00E+Q5 

Hexachlorobenzene 

B2 

2B 

1.60E+00 

EPA,  1990 

1.60E+00 

EPA,  1990 

3.20E+00 

Methyl  Chloride 

C 

3 

6.30E-03 

EPA,  1990  | 

1.30E-02 

EPA,  1990 

NC 

Methylene  Chloride 

B2 

1.40E-02 

EPA,  1990  i 

7.50E-03 

EPA,  1990 

NC 

PAHs 

- 

- 

- 

- 

- 

- 

- 

Benzo[a]pyrene 

B2 

2A 

6.10E+00 

EPA,  1986 

1.15E+01 

EPA,  1986 

2.30E+01 

Chrysene 

B2 

3 

6.10E+00 

EPA,  1986 

1.15E+01 

EPA,  1986 

2.30E+O1 

Dibenzo[a]anthracene 

2A,3 

6.10E+00 

EPA,  1986 

1.15E+01 

EPA,  1986 

2.30E+01 

Paralhion 

C 

Quinoline 

C 

1-20E+01 

ORD 

1.20E+01 

EPA,  1990 

2.40E+01 

Styrene 

B2 

2B 

2.00E-03 

EPA,  1990 

3.00E-02 

EPA,  1990 

NC 

Tetrachloroethene 

B2 

5.10E-02 

EPA,  1990 

NC 

Trichloroethene 

B2 

3 

1.10E-02 

EPA,  1990 

1.10E-02 

EPA,  1990 

NC 

V^ona 

B2 

3 

2.90E-01 

ORD 

2.90E-01 

IRIS,  1990 

5.80E-01 

Vinyl  Chloride 

A 

1 

2.95E-01 

EPA,  1990  ! 

2.30E+00 

EPA,  1990 

NC 
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TABLE  4A  (continued) 

Rocky  Mountain  Arsenal  (RMA) 

Slope  Factors  for 
Carcinogenic  Health  Effects 
(mg/kg/dayM) 


ERA  IARC 

Inhalation 

Reference  or 

Oral 

Reference  or 

Dermal 

Carcinogenicity  Carcinogenicity 

Route 

Basis  of 

Route 

Basis  of 

Route 

Pollutant 

Classification  Classification 

Slope  Factor 

Inhalation 

Slope 

Oral  Slope 

Slope 

Slope  Factor 

Factor 

Factor 

Factor 

Inorganics 

Arsenic 
Beryllium 
Cadmium 
Chromium  (VI) 

Nickel  (as  soluble  salts) 


A 

1 

1.50E+01 

IRIS,  1990 

1.75E+00 

EPA,  1990 

3.50E+01 

B 2 

8.40E+0Q 

IRIS,  1990 

4.30E+00 

IRIS,  1990 

8.60E+01 

B1 

2A 

6.10E+00 

IRIS,  1990 

NC 

- 

NC 

A 

1 

4.10E+01 

IRIS,  1990 

NC 

- 

NC 

A 

1 

2.00E-02 

IRIS,  1990 

NC 

- 

NC 

NC  Not  of  Concern 
NE  =  Not  Evaluated 
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TABLE  4B 


Rocky  Mourtain  Arsenal  (RMA) 
Reference  Doses  (RfDs)  for 
Noncard  nog  enic  Health  Effects 
(mg/kg/day) 


Inhalation 

Reference  or 

Oral 

Reference  or 

Dermal 

Route 

Basis  of 

Route 

Basis  of 

Route 

Pollutant 

RfD 

Inhalation  RfD 

RfD 

Oral  RfD 

RfD 

Organics 


Acetone 

1.82E+00 

ACGIH-TWA 

1.00E-01 

EPA,  1990 

NC 

Acetonitrile 

1.00E-02 

EPA,1990 

6.0QE-02 

EPA,  1990 

3.00E-02 

Acrylonitrile 

4.39E-03 

ACGIH-TWA 

2.70E-04 

Derived 

NC 

Aldrin 

2.55E-04 

ACGIH-TWA 

3.00E-05 

IRIS,  1990 

1.50E-05 

Atrazine 

5.10E-03 

ACGIH-TWA 

5.00E-03 

IRIS, 1990 

2.50E-03 

Benzaldehyde 

1.00E-01 

Oral  RfD 

1.00E-01 

IRIS,  1990 

5.00E-02 

Benzene 

3.26E-02 

ACGIH-TWA 

1.00E-03 

Derived 

NC 

Benzofuran 

5.00E-03 

Oral  RfD 

5.00E-03 

Derived 

2.50E-03 

Benzoic  Acid 

4.00E+00 

Oral  RfD 

4.00E+00 

IRIS,  1990 

2.00E+00 

Benzonitriie 

8.00E-03 

Oral  RfD 

8.00E-03 

Derived 

4.00E-03 

Biphenyl 

1.33E-03 

ACGIH-TWA 

5.00E-02 

EPA,  1990 

NC 

Bro  mo  methane 

1.71E-02 

EPA,  1990 

1.40E-03 

IRIS,  1990 

NC 

Carbazole 

5.00E-03  : 

Oral  RfD 

5.00E-03 

Derived 

2.50E-03 

Carbon  Tetrachloride 

3.16E-02  i 

ACGIH-TWA 

7.00E-04 

IRIS,  1990 

NC 

Chlorobenzene 

5.00E-03 

EPA,  1990 

2.00E-C2 

IRIS,  1990 

NC 

4-Chlorobiphenyl 

2.45E-02 

Oral  RfD 

2.45E-02 

Derived 

122E-02 

M'-Chlorobiphenyl 

2.33E-02 

Oral  RfD 

2.33E-02 

Derived 

1.16E-02 

Chloroform 

5.00E-02 

ACGIH-TWA 

1.00E-02 

IRIS,  1990 

NC 

4-Chlorophenyi  methyls  ulfone 

1.98E-02 

Oral  RfD 

1.98E-02 

EBASCO,  1990 

9.90E-03 

4-Chlorophenylmethylsulfoxlde 

1.98E-02 

Oral  RfD 

EBASCO,  1990 

9.90E-03 

DDE 

5.00E-04 

Oral  RfD 

5.00E-04 

IRIS,  1990 

2.50E-04 

DDT 

1.02E-03 

ACGIH-TWA 

5.00E-04 

IRIS,  1990 

2.50E-04 

Dibenzofuran 

Dichlorobenzene 

4.00E-02 

EPA,  1990 

9.00E-02 

EPA,  1990 

NC 

1,4-Dichtorobenzene 

1,1-Dichloroethene 

2.04E-02 

ACGIH-TWA 

9.00E-02 

EPA,  1990 

NC 

1 ,2-Dichloroethene(total) 

8.10E-01 

ACGIH-TWA 

9.00E-03 

IRIS,  1990 

NC 

1,2-Dichloropropane 

3.54E-01 

ACGIH-TWA 

8.60E-03 

Derived 

NC 

TABLE  4B  (continued) 

Rocky  Mountain  Arsenal  (RMA) 

Reference  Doses  (RfDs)  for 
Noncardnogenic  Health  Effects 
(mgfltfl/day) 


inhalation 

Reference  or 

Oral 

Reference  or 

Dermal 

Route 

Basis  of 

Route 

Basis  of 

Route 

Pollutant 

RfD 

Inhalation  RfD 

RfD 

Oral  RfD 

RfD 

Dicydopentadlene 

6.Q0E-05 

EPA,  1991 

3.00E-02 

EPA,  1991 

1.50E-02 

Dieldrin 

2.556*04 

ACGIH-TWA 

5  Q0E-05 

IRIS,  1990 

2.50E-05 

Diisopropyl  Methylphosphonate 

8.00E-02 

Oral  RfD 

8.00E-02 

IRIS,  1990 

4.0QE-02 

1,3-Dimethybenzene 

2.00E-01 

EPA,  1990 

5.00E-02 

Derived 

2.50E-02 

Dimethyldisulfide 

8.10E-03 

Oral  RfD 

8.10E-03 

EBASCO,  1990 

NC 

Dimethyl  Methylphosphonate 

1.80E-02 

Oral  RfD 

1.80E-02 

EBASCO,  1990 

9.00E-03 

Dioxins/Furans  (as  2,3, 7, 8  TCDD) 

1.00E-09 

Ora!  RfD 

1.00E-09 

ATSDR,  1989 

5.00E-10 

Dithiane 

1.00E-02 

Oral  RfD 

1.00E-02 

EBASCO,  1990 

5.00E-03 

Endrin 

1.02E-04 

ACGIH-TWA 

3.00E-04 

IRIS,  1990 

1.50E-04 

Ethylbenzene 

4.43E-01 

ACGIH-TWA 

1.00E-01 

IRIS,  1990 

NC 

Hexachlorobenzene 

8.00E-04 

Oral  RfD 

8.00E-04 

IRIS,  1990 

4.00E-04 

Hexachlorocyciopentadiene  (HCCPD) 

2.00E-05 

EPA,  1990 

7.00E-03 

IRIS,  1990 

3.50E-03 

Isodrin 

7.00E-05 

Oral  RfD 

7.00E-05 

EBASCO,  1990 

3.50E-05 

Malathion 

1.02E-02 

ACGIH-TWA 

2.00E-02 

IRIS,  1990 

1.00E-02 

Methanol 

2.67E-01 

ACGIH-TWA 

5.00E-01 

IRIS,  1990 

2.50E-01 

Methyl  Chloride 

1.05E-01 

ACGIH-TWA 

1.80E-02 

Derived 

NC 

Methylene  Chloride 

8.57E-01 

EPA,  1990 

6.00E-02 

EPA,  1990 

NC 

4-Nitrophenol 

2.50E-03 

Oral  RfD 

2.50E-03 

Derived 

1.25E-03 

PAHs 

- 

- 

- 

- 

- 

Acenaphthalene 

6.00E-02 

Oral  RfD 

6.00E-02 

IRIS,  1990 

3.00E-02 

Acenaphthene 

6.00E-02 

Oral  RfD 

6.00E-02 

EPA,  1990 

3.00E-02 

Benzo[a]pyrene 

3.00E-02 

Oral  RfD 

3.00E-02 

IRIS,  1990 

1.50E-02 

Chrysene 

3.00E-02 

Oral  RfD 

3.00E-02 

IRIS,  1990 

1.50E-02 

Dibenzo[a,h]anthracene 

3.00E-02 

Oral  RfD 

3.00E-02 

IRIS,  1990 

1.50E-02 

Fluoranthene 

4.00E-02 

Oral  RfD 

4.00E-02 

EPA,  1990 

2.00E-02 

Fluorene 

4.00E-02 

Oral  RfD 

4.00E-02 

IRIS,  1990 

2.00E-02 

Phenanthrene 

3.00E-02 

Oral  RfD 

3.00E-02 

EPA,  1990 

1.50E-02 

Pyrene 

3.00E-02 

Oral  RfD 

3.00E-02 

IRIS,  1990 

1.50E-02 

Parathion 

5.10E-05 

REL 

6.00E-03 

EPA,  1990 

3.00E-03 

Pentachlorobenzene 

8.00E-04 

Oral  RfD 

8.00E-04 

IRIS,  1990 

4.00E-04 
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TABLE  4B  (continued) 

Rocky  Mountain  Arsenal  (RMA) 

Reference  Doses  (RfDs)  for 
Noncard  nog  an  ic  Health  Effects 
(mg/kg/day) 


Inhalation 

Reference  or 

Oral 

Reference  or 

Dermal 

Route 

Basis  of 

Route 

Basis  of 

Route 

Pollutant 

RfD 

Inhalation  RfD 

RfD 

Oral  RfD 

RfD 

Phenol 

Pyridine 

Quinoline 

Styrene 

Supona 

Tetrachlorobenzene 

Tetrachbroethene 

Toluene 

Trbhbrobenzene 
Trichloroethene 
Urea 
Vapona 
Vinyl  Chloride 
Xylenes  (total) 


1.94E-02 

ACGIH-TWA 

6.00E-01 

IRIS,  1990 

3.00E-01 

1.63E-02 

ACGIH-TWA 

1.00E-03 

IRIS,  1990 

NO 

2.00E-01 

Ora!  RfD 

2.00E-01 

IRIS,  1990 

1.00E-01 

2.17E-01 

ACGIH-TWA 

2.00E-01 

IRIS,  1990 

NC 

1.50E-04 

Oral  RfD 

1.50E-04 

EBASCO,  1990 

7.50E-05 

3.00E-04 

Oral  RfD 

3.00E-04 

IRIS,  1990 

1.50E-04 

3.46E-01 

ACGIH-TWA 

1.00E-02 

IRIS,  1990 

NC 

5.71E-01 

EPA,  1990 

2.00E-01 

IRIS,  1990 

NC 

3.00E-03 

EPA,  1990 

2.00E-02 

EPA,  1990 

1.00E-02 

2.74E-01 

ACGIH-TWA 

7.35E-03 

EPA,  1987 

NC 

8.47E-02 

Oral  RfD 

8.47E-02 

Derived 

4.2BE-02 

8.00E-04 

Ora!  RfD 

8.00E-04 

IRIS,  1990 

4.00E-04 

1.33E-02 

ACGIH-TWA 

1.30E-03 

Derived 

NC 

8.57E-02 

EPA,  1990 

2.QQE+00 

EPA,  1990 

NC 

Inorganics 


Aluminum 

Ammonia 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Calcium 

Chromium  (111) 

Chromium  (VI) 

Cobalt 


2.04E-03 

ACGIH-TWA 

NE 

— 

NC 

1.73E-02 

ACGIH-TWA 

NE 

___ 

NC 

5.10E-O4 

ACGIH-TWA 

4.00E-04 

IRIS,  1990 

2.00E-05 

2.04E-O4 

ACGIH-TWA 

1.00E-03 

EPA,  1990 

5.00E-05 

1.00E-04 

EPA,  1990 

NE 

- 

3.50E-03 

2.04E-06 

ACGIH-TWA 

5.00E-03 

IRIS,  1990 

2.50E-04 

4.1  IE-03 

ACGIH-TWA 

NE 

— 

NC 

5.10E-05 

ACGIH-TWA 

1.00E-03 

IRIS,  1990 

5.00E-05 

1.46E-03 

ACGIH-TWA 

NC 

- 

NC 

5.10E-04 

ACGIH-TWA 

NE 

— 

NC 

5.10E-05 

ACGIH-TWA 

5.00E-03 

IRIS,  1990 

NC 

5.10E-05 

ACGIH-TWA 

2.30E-03 

Derived 

NC 
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TABLE  4B  (continued) 


Rocky  Mountain  Arsenal  (RMA) 
Reference  Doses  (RfDs)  for 
Noncarrinogenic  Health  Effects 
(mg/kg/day) 


Inhalation 

Reference  or 

Ora! 

Reference  or 

Dermal 

Route 

Basis  of 

Route 

Basis  of 

Route 

Pollutant 

RfD 

Inhalation  RfD 

RfD 

Oral  RfD 

RfD 

Copper 

1.00E-02 

EBASCO,  1990 

3.80E-02 

EBASCO,  1990 

1.90E-03 

Cyanogen 

2.14E-02 

ACGIH-TWA 

NE 

- 

NC 

Hydrogen  Cyanide 

5.10E-03 

ACGIH-TWA 

NE 

- 

NC 

Iron 

1.02E-03 

ACGIH-TWA 

NE 

- 

NC 

Lithium 

1.00E-04 

Derived 

NE 

- 

NC 

Magnesium 

6.15E-03 

ACGIH-TWA 

NE 

- 

NC 

Manganese 

3.00E-04 

EPA,  1990 

NE 

- 

NC 

Mercury 

8.57E-05 

EPA,  1990 

3.00E-04 

EPA,  1990 

1.50E-05 

Molybdenum 

5.10E-03 

ACGIH-TWA 

NE 

- 

NC 

Nickel 

1.02E-04 

ACGIH-TWA 

NE 

- 

NC 

Phosphate 

NC 

- 

NC 

Potassium 

NC 

- 

NC 

Selenium 

2.04E-04 

ACGIH-TWA 

3.00E-03 

EPA,  1990 

NC 

Silicon 

5.10E-05 

ACGIH-TWA 

NC 

- 

NC 

Silver 

1.02E-05 

ACGIH-TWA 

3.00E-03 

IRIS,  1990 

NC 

Sodium 

NC 

- 

NC 

Strontium 

NE 

- 

NC 

Thallium 

1.02E-04 

ACGIH-TWA 

7.00E-05 

EPA,  1990 

NC 

Tin 

2.04E-03 

ACGIH-TWA 

NE 

- 

NC 

Titanium 

6.1  IE-03 

ACGIH-TWA 

NE 

- 

NC 

Vanadium 

5.10E-05 

ACGIH-TWA 

7.00E-03 

EPA,  1990 

NC 

Yttrium 

1.02E-03 

ACGIH-TWA 

NE 

- 

NC 

Zinc 

8.19E-03 

ACGIH-TWA 

2.00E-01 

EPA,  1990 

NC 
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TABLE  4B  (continued) 

Rocky  Mountain  Arsenal  (RMA) 

Reference  Doses  (RfDs)  for 
Noncarrinogenic  Health  Effects 
(mg/kg/day) 


Inhalation 

Reference  or 

Oral 

Reference  or 

Dermal 

Route 

Basis  of 

Route 

Basis  of 

Route 

Pollutant 

RfD 

Inhalation  RfD 

RfD 

Oral  RfD 

RfD 

Other  Add  Gases/ 
Criteria  Pollutants 

Ca/bon  Monoxide 
Hydrogen  Chloride 
Hydrogen  Fluorides 
Nitric  Acid 
Nitrogen  Dioxide 
Particulate  Matter 
Sulfur  Dioxide 
Sulfuric  Add  Mist 


5.81E-02 

ACGIH-TWA 

7.65E-03 

ACGIH-TWA 

2.65E-03 

ACGIH-TWA 

5.30E-03 

ACGIH-TWA 

2.86E-02 

NAAQS 

4.29E-02 

NAAOS 

229E-02 

NAAQS 

1 .028*03 

ACGIH-TWA 

NC 

NE 

NA 


Not  of  Concern 
Not  Evaluated 
Not  Applicable 
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VOLUME  II 


APPENDIX  7A 

DERIVATION  OF  SURFACE  WATER  POLLUTANT  CONCENTRATIONS 

FOR  ENGINEERS  LAKE 

7A.1  INTRODUCTION 

This  appendix  presents  a  detailed  discussion  of  the  methods  used  to  determine  the  surface 
water  contaminant  concentrations  for  Engineers  Lake.  The  Tier  1  analysis  describes  the 
technique  used  initially  to  screen  contaminants  from  further  evaluation  in  the  surface  water 
pathways  (EPA,  1986).  The  Tier  2  analysis  explains  the  derivation  of  final  contaminant 
concentrations  used  in  estimating  the  exposure  doses  for  the  fish  ingestion  pathway  in  the 
risk  assessment. 

7A.2  TIER  1  ANALYSIS 

Water  concentrations  of  certain  contaminants  were  predicted  using  a  Tier  1  methodology 
and  compared  with  the  appropriate  health-based  criteria.  Contaminants  predicted  to  have 
water  concentrations  exceeding  these  criteria  will  be  selected  for  further  evaluation  in  the 
risk  assessment.  Those  contaminants  with  concentrations  less  than  the  health-based  criteria 
will  not  be  subsequently  evaluated. 

The  focus  of  the  Tier  1  screening  was  to  eliminate  contaminants  from  the  fish  ingestion 
pathway,  which  is  the  only  surface  water-related  pathway,  evaluated  in  the  risk  assessment. 
As  a  result,  only  a  subset  of  the  total  list  of  contaminants  was  screened  using  the  Tier  1 
methodology.  Volatile  organic  compounds  were  not  considered  in  this  analysis  since  they 
are  neither  expected  to  accumulate  in  surface  water  nor  bioaccumulate  in  fish. 
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VOLUME  II 


With  the  objective  of  developing  a  conservative  carcinogenic  risk  estimate,  all  oral 
carcinogens  are  arbitrarily  evaluated  through  all  relevant  exposure  pathways  in  the  final  risk 
assessment,  and  were  not  screened  in  the  Tier  1  analysis. 

The  final  criterion  for  inclusion  in  the  Tier  1  screening  was  the  availability  of  appropriate 
health-based  water  quality  values.  Only  those  nonvolatile,  noncarcinogenic  compounds, 
which  had  ambient  water  quality  criteria  for  the  protection  of  human  health  through  fish 
ingestion,  were  screened  in  the  Tier  1  analysis.  These  factors  resulted  in  the  evaluation  of 
the  three  organic  and  six  inorganic  contaminants  listed  below. 


Organics 
Fluoranthene 
Pentachlorobenzene 
T  etrachlorobenzene 

Inorganics 

Antimony 

Chromium  (III) 

Manganese 

Mercury 

Nickel 

Thallium 


Sensitivity  case  emission  rates,  which  represent  the  maximum  or  upper-bound  range  of 
facility  emissions,  were  used  for  inorganic  contaminants  in  the  Tier  1  screening  to  maximize 
the  contaminant  concentrations  in  Engineers  Lake.  Base  case  emission  rates  were  used  for 
the  organic  contaminants  since  sensitivity  case  rates  were  unavailable.  It  was  conservatively 
assumed  that  all  contaminants  deposited  in  the  watershed  of  Engineers  Lake  in  a  1-year 
period  would  enter  the  lake  as  runoff.  The  decay  and  degradation  of  contaminants  in 
surface  water,  soil,  or  air  were  not  considered  in  this  analysis,  further  maximizing  the 
predicted  lake  water  concentrations.  The  equations  employed  in  the  Tier  1  screening  are 
presented  as  follows  in  the  following  text. 
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VOLUME  n 


The  total  annual  basin  deposition  rate  was  calculated  using  the  following  equation: 

TBD  =  ER  *  DR  *  BA 
Where: 

TBD  =  Total  basin  deposition  (g/yr) 

ER  =  Emission  rates  (g/sec) 

DR  =  Total  (wet  plus  dry)  deposition  factor,  9.00E-04 
(g/m2  yr)/ (g/sec) 

BA  =  Basin  area,  1.30E+05  m2 


The  water  concentration  in  Engineers  Lake  was  calculated  using  the  following  equation: 


Cwater  =  TBD  *  HRT  *  CF1  *  CF2/VOL 

Where: 


Cwater 

TBD 

HRT 

CF1 

CF2 

VOL 


Contaminant  concentration  in  Engineers  Lake  (mg/L). 

Total  basin  deposition  (g/yr). 

Hydraulic  residence  time  (assumed  0.5  yr). 

Conversion  factor,  1.00E-03  m3/L. 

Conversion  factor,  1.00E+03  mg/g. 

Lake  volume,  3.45E+05  m3  (Nancy  Koenig,  personal  communication, 
1990). 


The  emission  rates,  water  concentrations,  and  ambient  water  quality  criteria  used  in  the  Tier 
1  screening  are  presented  in  Table  7A-1.  Table  7A-1  shows  that  none  of  the  contaminants 
eligible  for  the  Tier  1  screening  exceeds  10%  of  their  respective  ambient  water  quality 
criteria  for  protection  of  human  health  through  fish  ingestion.  As  a  result,  these  compounds 
are  not  evaluated  in  the  fish  ingestion  pathway. 


7A.3  TIER  2  ANALYSTS 


A  Tier  2  transport  model  was  developed  to  predict  surface  water  contaminant  concentration 
from  soil  runoff  and  aerial  deposition  of  pollutants  in  Engineers  Lake  for  the  fish  ingestion 
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Table  7A-1 

Tier  1  Surface  Water  Pollutant 
Concentrations  and  Comparison  To  Standards 


Pollutant 

Emission  Rate 
(g/sec) 

Predicted  Annual 
Surface  Water 
Concentration 
(mg/L) 

AWQC  for 
Protection  of 
Human  Health* 
(mg/L) 

Organics 

Fluoranthene 

7.58E-06 

1.63E-09 

5.40E-02 

Pentachlorobenzene 

3.87E-08 

8.31E-12 

8.50E-02 

Tetrachlorobenzene 

1.63E-08 

3.05E-12 

4.80E-02 

Inorganics 

Antimony 

4.85E-05 

8.38E-07 

4.50E+01 

Chromium  (III) 

1.20E-05 

2.58E-09 

3.43E+03 

Manganese 

2.50E-04 

5.37E-08 

1.00E-01 

Mercury 

5.35E-05 

8.38E-07 

1.46E-04 

Nickel 

1.07E-03 

2.30E-07 

1.00E-01 

Thallium 

3.33E-04 

8.38E-07 

4.80E-02 

*  EPA.  1986.  Quality  Criteria  for  Water.  1986.  Office  of  Water  Regulations  and 
Standards.  EPA  440/5-86-001. 
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pathway.  The  Tier  2  model  has  less  conservative  assumptions  and  provides  more  realistic 
values  than  the  Tier  1  model.  Water  concentrations  were  calculated  for  all  pollutants 
except  particulate  matter,  acid  gases,  volatile  organic  compounds,  and  contaminants 
excluded  as  a  result  of  the  Tier  1  analysis.  The  technical  approach  and  assumptions  of  the 
Tier  2  model  are  presented  in  the  subsections  that  follow. 

7A.3.1  Prediction  of  Surface-Water  Concentrations  of  Pollutants 

To  estimate  the  potential  exposure  to  the  pollutants  through  fish  consumption,  surface  water 
pollutant  concentrations  were  predicted  using  the  following  steps: 

•  Calculation  of  the  average  deposition  rate  within  the  watershed. 

•  Estimation  of  soil  loss  to  Engineers  Lake  within  the  watershed. 

•  Determination  of  pollutant  concentrations  in  Engineers  Lake. 

This  approach  to  determining  surface-water  concentrations  is  based  on  the  estimation  of 
pollutant  deposition  on  Engineers  Lake  and  watershed  soils  and  the  subsequent  runoff  of 
pollutants  to  the  lake.  The  concentrations  are  based  on  an  assumed  facility  life  of  2  years. 

7A.3.2  Calculation  of  the  Average  Deposition  Rate  (DR)  Within  the  Watershed 

The  first  step  in  estimating  the  chronic  surface-water  concentrations  involves  a 
determination  of  the  deposition  factor  for  the  impacted  area.  The  watershed  of  Engineers 
Lake  is  limited  in  size  and  surrounded  by  major  roadways.  Due  to  the  small  size  of  the 
watershed,  deposition  in  the  entire  area  was  described  by  a  single  rate,  which  precluded 
having  to  average  the  deposition  over  a  wider  area.  The  total  deposition  factor  for  the 
watershed  is  9.00E-04  (g/mVVCg/sec). 
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7A.3.3  Estimation  of  Soil  Loss  to  Engineer’s  Lake 

Data  that  could  be  used  to  predict  soil  erosion  within  the  Engineers  Lake  watershed  were 
not  available.  As  a  result,  soil  loss  was  conservatively  estimated  at  1.5  tons/acre-yr  or  336 
g/m2-yr. 

7A.3.3.1  Contaminant  Loss  Rate 

To  estimate  the  soil  contaminant  concentrations  being  transported  to  the  lake,  it  is  first 
necessary  to  estimate  the  rate  constants  for  contaminant  loss  from  soils.  The  contaminant 
loss  rate  is  based  on  contaminant  loss  through  one  potential  loss  mechanism  -  the  surface 
runoff  rate  (Kxr),  which  is  based  on  the  loss  of  soil  particles  as  they  are  transported  to  the 
lake. 


The  surface  water  runoff  rate  (Kxr)  was  calculated  as  follows: 


Kxr  = 

x,  /  (B  *  d) 

Where: 

Kxr  = 

Surface  runoff  rate 

Xt  = 

Total  sediment  loss  rati 

B 

Bulk  density 

d 

Depth  of  incorporation 

Estimated  Value 


=  0.00118  per  year 
=  336.24  g/m2-yr 

=  1,425,000  g/m3  (Alan  Price,  personal 
communication,  1990) 

=  0.2  meter 


The  contaminant  loss  rates  for  soils  in  the  Engineers  Lake  watershed  are  presented  in  Table 
7A-2. 
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Contaminant  Loss  Rates  in  the  Engineers  Lake  Watershed 


Pollutant 

K,r 

(/year) 

ORGANICS 

Acetonitrile 

1.18E-03 

Aldrin 

1.18E-03 

Atrazine 

1.18E-03 

Benzaldehyde 

1.18E-03 

Benzofuran 

1.18E-03 

Benzoic  Acid 

1.18E-03 

Benzonitrile 

1.18E-03 

Biphenyl 

1.18E-03 

Carbazole 

1.18E-03 

4-Chlorobiphenyl 

1.18E-03 

4,4-Chlorobiphenyl 

1.18E-03 

4-Chlorophenylmethylsulfone 

1.18E-03 

4-Chlorophenyhnethylsulfoxide 

1.18E-03 

p,p-DDE 

1.18E-03 

p,p-DDT 

1.18E-03 

Dibenzofuran 

1.18E-03 

Dicyclopentadiene 

1.18E-03 

Dieldrin 

1.18E-03 

Diisopropyl  Methylphosphonate 

1.18E-03 

1,3-Dimethylbenzene 

1.18E-03 

Dimethyl  Methylphosphonate 

1.18E-03 

Dioxins/Furans  (EPA  TEFs) 

1.18E-03 

Dithiane 

1.18E-03 

Endrin 

1.18E-03 

Hexachlorobenzene 

1.18E-03 

Hexachlorocyclopentadiene 

1.18E-03 

Isodrin 

1.18E-03 
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(continued) 


Pollutant 

K,r 

(/year) 

Malathion 

1.18E-03 

Methanol 

1.18E-03 

4-Nitrophenol 

1.18E-03 

PAHs 

Acenaphthalene 

1.18E-03 

Acenaphthene 

1.18E-03 

Benzo(a)pyrene 

1.18E-03 

Chrysene 

1.18E-03 

Dibenzo(a,h)anthracene 

1.18E-03 

Fluorene 

1.18E-03 

Phenanthrene 

1.18E-03 

Pyrene 

1.18E-03 

Parathion 

1.18E-03 

Phenol 

1.18E-03 

Pyridine 

1.18E-03 

Quinoline 

1.18E-03 

Supona 

1.18E-03 

Trichlorobenzene 

1.18E-03 

Urea 

1.18E-03 

Vapona 

1.18E-03 

INORGANICS 

Aluminum 

1.18E-03 

Arsenic 

1.18E-03 

Barium 

1.18E-03 

Beryllium 

1.18E-03 

Boron 

1.18E-03 

Cadmium 

1.18E-03 
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(continued) 


Pollutant 

Kir 

(/year) 

Calcium 

1.18E-03 

Chromium  (VI) 

1.18E-03 

Cobalt 

1.18E-03 

Copper 

1.18E-03 

Iron 

1.18E-03 

Lead 

1.18E-03 

Lithium 

1.18E-03 

Magnesium 

1.18E-03 

Molybdenum 

1.18E-03 

Phosphorus  (total) 

1.18E-03 

Potassium 

1.18E-03 

Selenium 

1.18E-03 

Silicon 

1.18E-03 

Silver 

1.18E-03 

Sodium 

1.18E-03 

Strontium 

1.18E-03 

Tin 

1.18E-03 

Titanium 

1.18E-03 

Vanadium 

1.18E-03 

Yttrium 

1.18E-03 

Zinc 

1.18E-03 
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No  allowances  were  made  for  infiltration  losses.  Although  these  losses  can  be  significant, 
it  is  beyond  the  scope  of  this  analysis  to  determine  the  extent  of  groundwater  recharge  in 
the  basin.  Therefore,  it  is  conservatively  assumed  that  no  loss  to  groundwater  occurs.  This 
conservative  assumption  increases  the  soil  concentrations  and  thus  the  surface  water 
concentrations. 


Based  on  the  rate  of  deposition  and  the  loss  of  contaminants  in  soil  from  surface  runoff  and 
degradation,  the  steady  state  soil  concentrations  for  each  contaminant  evaluated  that  will 
accumulate  during  the  operation  of  the  facility  were  calculated  as  follows: 

Mn  =  (K2/Kir)  *  (1-e-Kjr)  *  CF/(d  *  B) 

Where: 

Mn  =  Maximum  contaminant  soil  concentration  (g/kg). 

K2  =  Annual  deposition  rate  for  contaminant  (g/m2-year). 

Kar  =  Contaminant  loss  rate  (per  year), 
t  =  Life  of  the  incinerator  (2  yrs). 
d  =  Depth  of  incorporation  (0.2  m). 

B  =  Bulk  density  (1.425E+06  g/m3). 

CF  =  Conversion  factor  (1,000  g/kg). 


The  annual  deposition  rates  (K2)  were  calculated  by  multiplying  the  chemical-specific 
emission  rates  by  the  deposition  factor  of  9.00E-04  g/m2-year  per  g/sec.  The  maximum 
contaminant  soil  concentrations,  as  well  as  the  emission  rates  and  annual  deposition  rates 
used  in  the  calculations,  are  presented  in  Table  7A-3. 


7A.3.4  Determination  of  Contaminant  Concentration  iO  in  the  Receiving  Water 


The  receiving  water  contaminant  concentration  is  a  function  of  the  suspended  solids  in  the 
inflow  and  outflow,  as  well  as  the  concentration  of  contaminants  in  the  soil.  No  data  were 
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Maximum  Contaminant  Soil  Concentrations,  Emission  Rates, 
and  Annual  Deposition  Rates  in  the  Engineers  Lake  Watershed 


Pollutant 

soil 

Concentration 

(g/Kg) 

Emission 

Rate 

g/sec 

Annual 

Deposition 

(g/m2-year) 

ORGANICS 

Acetonitrile 

7.70E-13 

1.22E-07 

1.10E-10 

Aldrin 

8.26E-13 

1.31E-07 

1.18E-10 

Atrazine 

1.80E-13 

2.86E-08 

2.57E-11 

Benzaldehyde 

1.67E-10 

2.64E-05 

2.38E-08 

Benzofuran 

3.19E-10 

5.06E-05 

4.55E-08 

Benzoic  Acid 

8.01E-11 

1.27E-05 

1.14E-08 

Benzonitrile 

7.70E-14 

1.22E-08 

1.10E-11 

Biphenyl 

8.07E-11 

1.28E-05 

1.15E-08 

Carbazole 

1.53E-14 

2.43E-09 

2.19E-12 

4-Chlorobiphenyl 

5.39E-10 

8.55E-05 

7.70E-08 

4,4-Chlorobiphenyl 

1.02E-11 

1.61E-06 

1.45E-09 

4-Chlorophenylmethylsulfone 

8.96E-11 

1.42E-05 

1.28E-08 

4-Chlorophenylmethylsulfoxide 

1.10E-11 

1.75E-06 

1.58E-09 

p,p-DDE 

8.96E-14 

1.42E-08 

1.28E-11 

p>p*ddt 

2.79E-13 

4.42E-08 

3.98E-11 

Dibenzofuran 

1.60E-11 

2.53E-06 

2.28E-09 

Dicyclopentadiene 

3.64E-14 

5.77E-09 

5.19E-12 

Dieldrin 

1.69E-13 

2.68E-08 

2.41E-11 

Diisopropyl  Methylphosphonate 

2.84E-11 

4.50E-06 

4.05E-09 

1,3-Dimethylbenzene 

4.74E-14 

7.51E-09 

6.76E-12 

Dimethyl  Methylphosphonate 

7.00E-10 

1.11E-04 

9.99E-08 

Dioxins/Furans  (EPA  TEFs) 

9.46E-16 

1.50E-10 

1.35E-13 

Dithiane 

2.87E-14 

4.55E-09 

4.10E-12 

Endrin 

1.64E-13 

2.60E-08 

2.34E-11 

Hexachlorobenzene 

5.46E-13 

8.66E-08 

7.79E-11 
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(continued) 


Pollutant 

Soil 

Concentration 

(g/Kg) 

Emission 

Rate 

g/sec 

Annual 

Deposition 

(g/m2-year) 

Hexachlorocyclopentadiene 

1.52E-12 

2.41E-07 

2.17E-10 

Isodrin 

4.28E-13 

6.78E-08 

6.10E-U 

Malathion 

6.62E-13 

1.05E-07 

9.45E-11 

Methanol 

3.13E-09 

4.96E-04 

4.46E-07 

4-Nitrophenol 

6.88E-12 

1.09E-06 

9.81E-10 

PAHs 

Acenaphthalene 

7.95E-11 

1.26E-05 

1.13E-08 

Acenaphthene 

7.95E-11 

1.26E-05 

1.13E-08 

Benzo(a)pyrene 

1.60E-11 

2.53E-06 

2.28E-09 

Chrysene 

1.60E-11 

2.53E-06 

2.28E-09 

Dibenzo(a,h)anthracene 

1.60E-11 

2.53E-06 

2.28E-09 

Fluorene 

1.60E-11 

2.53E-06 

2.28E-09 

Phenanthrene 

3.19E-11 

5.06E-06 

4.55E-09 

Pyrene 

1.60E-11 

2.53E-06 

2.28E-09 

Parathion 

9.02E-14 

1.43E-08 

1.29E-11 

Phenol 

8.64E-10 

1.37E-04 

1.23E-07 

Pyridine 

7.70E-15 

1.22E-09 

1.10E-12 

Quinoline 

3.84E-14 

6.09E-09 

5.48E-12 

Supona 

2.79E-13 

4.42E-08 

3.98E-U 

T  richlorobenzene 

5.48E-14 

8.68E-09 

7.81E-12 

Urea 

1.17E-07 

1.86E-02 

1.67E-05 

Vapona 

732E-13 

1.16E-07 

1.04E-10 

INORGANICS 

Aluminum 

4.09E-09 

6.49E-04 

5.84E-07 

Arsenic 

8.14E-10 

1.29E-04 

1.16E-07 

Barium 

1.99E-10 

3.16E-05 

2.84E-08 
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Pollutant 

Soil 

Concentration 

(g/Kg) 

Emission 

Rate 

g/sec 

Beryllium 

833E-12 

1.32E-06 

1.19E-09 

Boron 

6.07E-09 

9.63E-04 

8.67E-07 

Cadmium 

1.27E-10 

2.02E-05 

1.82E-08 

Calcium 

3.49E-08 

533E-03 

4.98E-06 

Chromium  (VI) 

1.90E-12 

3.02E-07 

2.72E-10 

Cobalt 

1.79E-10 

2.84E-05 

2.56E-08 

Copper 

7.63E-07 

1.21E-01 

1.09E-04 

Iron 

1.09E-08 

1.72E-03 

1.55E-06 

Lead 

2.55E-10 

4.05E-05 

3.65E-08 

Lithium 

2.50E-11 

3.96E-0 6 

3.56E-09 

Magnesium 

3.24E-08 

5.14E-03 

4.63E-06 

Molybdenum 

2.50E-09 

3.97E-04 

3.57E-07 

Phosphorus  (total) 

7.79E-07 

1.23E-01 

1.11E-04 

Potassium 

2.58E-07 

4.09E-02 

3.68E-05 

Selenium 

2.09E-09 

3.31E-04 

2.98E-07 

Silicon 

3.60E-08 

5.70E-03 

5.13E-06 

Silver 

2.16E-11 

3.43E-06 

3.09E-09 

Sodium 

1.48E-05 

2.34E+00 

2.11E-03 

Strontium 

8.33E-12 

1.32E-06 

1.19E-09 

Tin 

1.84E-09 

2.91E-04 

2.62E-07 

Titanium 

1.39E-11 

2.20E-06 

1.98E-09 

Vanadium 

5.31E-10 

8.42E-05 

7.58E-08 

Yttrium 

4.86E-12 

7.70E-07 

6.93E-10 

Zinc 

3.70E-09 

5.86E-04 

5.27E-07 
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available  for  the  suspended  solids  concentration  of  Engineers  Lake.  Therefore,  it  was 
assumed  that  the  lake  had  a  suspended  solids  outflow  concentration  of  100  mg/L. 

The  inflowing  suspended  solids  concentration  was  based  on  the  conservative  assumption  that 
95%  of  inflowing  suspended  sediments  settle  out  in  Engineers  Lake.  The  equations  used 
to  calculate  the  impoundment  contaminant  concentration  are: 

Si  =  So/(l-RE) 

Ci  =  Si  *  Mn  *  CF 


Where: 

Si  =  Suspended  solids  concentration  in  inflow  (mg/L) 

So  =  Suspended  solids  concentration  in  outflow  (100  mg/L)  (assumed  value) 

RE  =  Suspended  solids  removal  efficiency  (assume  95%) 

Ci  =  Inflow  total  concentration  (ng/L) 

Mn  =  Maximum  soil  concentration  (g/kg) 

CF  =  Conversion  factor,  1,000  mg/g 

7A.3.5  Aerial  Deposition  on  Engineers  Lake 

Direct  aerial  deposition  onto  Engineers  Lake  represents  an  additional  source  of  pollutants. 
The  contribution  by  direct  deposition  was  calculated  by  first  determining  the  total  deposition 
factor  for  the  lake.  This  factor,  9.00E-04,  is  the  same  as  that  described  previously  for  soil 
loss. 

The  concentration  due  to  deposition  was  calculated  by  determining  the  mass  of  pollutants 
falling  onto  1  square  meter  of  lake  surface.  The  pollutant  mass  was  then  mixed  in  the 
volume  of  water  underlying  the  square  meter  of  lake  surface,  which  was  based  on  an 
average  depth  of  6  meters  (Nancy  Koenig,  Personal  Communication,  1990).  An  assumed 
hydraulic  residence  time  of  0.5  year  was  factored  into  the  final  equation  to  account  for 
pollutant  loss  by  outflowing  water.  The  equation  used  to  calculate  the  concentration  from 
direct  deposition  is: 
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Md  =  SA  *  K2i  *  Tr 


Where: 

Md  =  Mass  deposited  directly  into  unit  volume  (grams) 
SA  =  Unit  surface  area  (1  m2) 

K2i  =  Area-weighted  deposition  (g/yr  m2) 

Tr  =  Hydraulic  residence  time  (0.5  year) 


The  contaminant  concentration  from  sedimentation  and  aerial  deposition  were  combined 
in  the  following  equation  to  form  an  intermediate  water  concentration: 


Ci2  =  Ci  +  ((Md  *  NGG)/Vp) 


Where: 

Ci2  =  Intermediate  unit  volume  concentration  (ng/L) 

Ci  =  Contaminant  concentration  due  to  erosion  losses  (ng/L) 

Md  =  Mass  due  to  aerial  deposition  (g) 

Vp  =  Volume  of  water  under  1  m2  of  lake  surface  (L),  based  on  average  depth 
of  6.0  meters  (Nancy  Koenig,  personal  communication,  1990) 

NGG  =  Conversion  factor  for  grams  to  nanograms  (IE +09  ng/g) 


The  concentration  of  contaminants  in  Engineers  Lake  is  a  function  of  the  intermediate 
concentration,  Ci2,  the  suspended  solids  concentration  in  outflow  and  inflow,  and 
partitioning  of  the  contaminant  between  dissolved  and  solid  phases.  The  equation,  which 
is  presented  below,  represents  the  total  water  column  concentration  and  takes  into  account 
dissolved  and  particle  bound  contaminants. 

Ct  =  Ci2  *  (l  +  (So  *  Kp  *  KGMG))/(1  +  Si  *  Kp  *  KGMG)) 

Where: 

Ct  =  Total  water  column  concentration 

Ci2  =  Intermediate  unit  volume  concentration  (ng/L) 
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50  =  Suspended  solids  concentration  in  outflow  (mg/L) 
Kp  =  Partition  coefficient  (L/kg) 

KGMG  =  Conversion  factor  (IE-06  kg/mg) 

51  =  Suspended  solids  concentration  in  inflow  (mg/L) 


The  water  concentrations  and  partition  coefficients  used  in  the  fish  ingestion  pathway  are 
presented  in  Tables  7A-4  and  7A-5,  respectively. 


810C/A7A 


7A-16 


7/18/91 


Table  7A-4 


Surface  Water  Concentrations  for  Contaminants  of  Concern 
in  Fish  Ingestion  Exposure  Pathways 


Pollutant 

Water  Concentration 
for  Fish  Pathway  (mg/L) 

ORGANICS 

Acetonitrile 

1.05E-11 

Aldrin 

5.66E-13 

Atrazine 

132E-12 

Benzaldehyde 

2.16E-09 

Benzofuran 

2.37E-09 

Benzoic  Acid 

9.63E-10 

Benzonitrile 

9.87E-13 

Biphenyl 

3.25E-10 

Carbazole 

5.12E-14 

4-Chlorobiphenyl 

4.13E-10 

4,4-Chlorobiphenyl 

7.13E-12 

4-Chlorophenylmethylsulfone 

1.19E-09 

4-Chlorophenylmethylsulfoxide 

1.45E-10 

p,p-DDE 

6.26E-14 

p,p-DDT 

1.92E-13 

Dibenzofuran 

1.85E-11 

Dicyclopentadiene 

2.34E-13 

Dieldrin 

1.17E-13 

Diisopropyl  Methylphosphonate 

3.53E-10 

1,3-Dimethylbenzene 

1.80E-13 

Dimethyl  Methylphosphonate 

9.59E-09 

Dioxins/Furans  (EPA  TEFs) 

6.53E-16 

Dithiane 

3.89E-13 

Endrin 

1.41E-13 

Hexachlorobenzene 

3.86E-13 

Hexachlorocyclopentadiene 

1.07E-12 
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Table  7A-4 


(continued) 


Pollutant 

Water  Concentration 
for  Fish  Pathway  (mg/L) 

Isodrin 

2.94E-13 

Malathion 

3.83E-12 

Methanol 

4.29E-08 

4-Nitrophenol 

3.88E-11 

PAHs 

Acenaphthalene 

9.67E-11 

Acenaphthene 

1.13E-10 

Benzo(a)pyrene 

1.10E-11 

Chrysene 

1.11E-11 

Dibenzo(a,h)anthracene 

1.10E-11 

Fluorene 

1.52E-11 

Phenanthrene 

2.74E-11 

Pyrene 

1.16E-11 

Parathion 

1.46E-13 

Phenol 

1.12E-08 

Pyridine 

1.05E-13 

Quinoline 

4.38E-13 

Supona 

1.21E-12 

Trichlorobenzene 

7.30E-14 

Urea 

1.61E-0 6 

Vapona 

9.57E-12 

INORGANICS 

Aluminum 

3.10E-09 

Arsenic 

6.16E-10 

Barium 

1.40E-10 

Beryllium 

5.84E-12 

Boron 

4.60E-09 
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Table  7A-4 


(continued) 


Pollutant 

Water  Concentration 
for  Fish  Pathway  (mg/L) 

Cadmium 

9.01E-11 

Calcium 

2.45E-08 

Chromium  (VI) 

1.34E-12 

Cobalt 

1.26E-10 

Copper 

5.48E-07 

Iron 

7.61E-09 

Lead 

1.83E-10 

Lithium 

1.75E-11 

Magnesium 

2.27E-08 

Molybdenum 

1.76E-09 

Phosphorus  (total) 

5.90E-07 

Potassium 

2.18E-07 

Selenium 

1.58E-09 

Silicon 

2.72E-08 

Silver 

1.62E-11 

Sodium 

1.04E-05 

Strontium 

5.84E-12 

Tin 

1.32E-09 

Titanium 

9.73E-12 

Vanadium 

3.73E-10 

Yttrium 

3.41E-12 

Zinc 

2.65E-09 
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Table  7A-5 


Partition  Coefficients  for  Contaminants  of  Concern  in 
Surface  Water/Fish  Ingestion  Pathway 


Pollutant 

Partition  Coefficient  (Kp) 
(L/kg) 

ORGANICS 

Acetonitrile 

4.57E-01 

Aldrin 

2.51E+07 

Atrazine 

4.79E+02 

Benzaldehyde 

3.02E+01 

Benzofuran 

4.68E+02 

Benzoic  Acid 

7.41E+01 

Benzonitrile 

3.63E+01 

Biphenyl 

1.45E+03 

Carbazole 

1.95E+03 

4-Chlorobiphenyl 

7.94E+04 

4,4-Chlorobiphenyl 

3.80E+05 

4-Chlorophenylmethylsulfone 

1.58E+01 

4-Chlorophenylmethylsulfoxide 

2.14E+01 

p,p-DDE 

4.90E+05 

p,p-DDT 

2.29E+06 

Dibenzofuran 

1.32E+04 

Dicyclopentadiene 

6.31E+02 

Dieldrin 

1.58E+06 

Diisopropyl  Methylphosphonate 

5.37E+01 

1,3‘Dimethylbenzene 

1.58E+03 

Dimethyl  Methylphosphonate 

1.32E-02 

Dioxins/Furans  (EPA  TEFs) 

1.26E+06 

Dithiane 

5.89E+00 

Endrin 

3.63E+04 

Hexachlorobenzene 

2.95E+05 

Hexachlorocyclopentadiene 

3.24E+05 
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Table  7A-5 


(continued) 


Pollutant 

Partition  Coefficient  (Kp) 
(L/kg) 

Isodrin 

3.24E+06 

Malathion 

7.76E+02 

Methanol 

1.51E-01 

4-Nitrophenol 

8.13E+02 

PAHs 

Acenaphthalene 

1.17E+04 

Acenaphthene 

8.32E+03 

Benzo(a)pyrene 

2.63E+06 

Chrysene 

6.17E+05 

Dibenzo(a,h)  anthracene 

3.16E+06 

Fluorene 

2.40E+04 

Phenanthrene 

3.72E+04 

Pyrene 

1.51E+05 

Parathion 

6.46E+03 

Phenol 

2.88E+01 

Pyridine 

4.57E+00 

Quinoline 

1.07E+02 

Supona 

1.29E+03 

Trichlorobenzene 

9.55E+03 

Urea 

1.07E-03 

Vapona 

2.51E+01 

INORGANICS 

Aluminum 

9.00E+04 

Arsenic 

9.00E+04 

Barium 

4.00E+05 

Beryllium 

4.00E+05 

Boron 

9.00E+04 
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Table  7A-5 


(continued) 


Pollutant 

Partition  Coefficient  (Kp) 
(L/kg) 

Cadmium 

3.00E+05 

Calcium 

4.00E+05 

Chromium  (VI) 

4.00E+05 

Cobalt 

4.00E+05 

Copper 

2.00E+05 

Iron 

4.00E+05 

Lead 

2.00E+05 

Lithium 

4.00E+05 

Magnesium 

4.00E+05 

Molybdenum 

4.00E+05 

Phosphorus  (total) 

9.00E+04 

Potassium 

4.00E+04 

Selenium 

9.00E+04 

Silicon 

9.00E+04 

Silver 

1.00E+05 

Sodium 

4.00E+05 

Strontium 

4.00E+05 

Tin 

2.00E+05 

Titanium 

4.00E+05 

Vanadium 

4.00E+05 

Yttrium 

4.00E+05 

Zinc 

2.00E+05 
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APPENDIX  8A 

DERIVATION  OF  SOIL  POLLUTANT  CONCENTRATIONS 


815C/A8ail 


7/18/91 


VOLUME  II 


APPENDIX  8A 

DERIVATION  OF  SOIL  POLLUTANT  CONCENTRATIONS 

This  appendix  presents  a  detailed  discussion  of  the  methods  used  to  determine  the  soil 
pollutant  concentrations.  These  values  were  used  to  determine  exposure  through  the  soil 
pathway. 

Pollutant  levels  in  soil  were  calculated  for  those  pollutants,  identified  in  Section  7,  to  be  of 
concern  through  the  soil  pathway.  They  include  semi-volatile  organics,  trace  metals 
predicted  to  increase  in  the  soil  by  1%  or  more  of  the  background  concentration,  and  trace 
metals  that  are  potential  oral  carcinogens.  Soil  pollutant  levels  were  calculated  based  on 
deposition  over  a  2-year  period.  It  was  assumed  that  all  pollutant  levels  in  the  soil  are 
unaffected  by  degradation  or  other  loss  processes.  Although  in  reality,  the  soil 
concentrations  of  many  of  the  organics  will  decline  over  time  due  to  degradation,  this  was 
not  evaluated  since  it  is  possible  that  in  some  cases,  degradation  products  may  be  more  toxic 
than  or  of  similar  toxicity  to  the  parent  compounds.  Since  adequate  information  is  not 
available  with  which  to  evaluate  the  production,  fate,  and  toxicity  of  all  potential 
degradation  products  for  the  organics,  degradation  was  not  evaluated. 

The  equations  used  to  calculate  soil  contaminant  concentrations  are  as  follows. 

Maximum  Concentrations: 

The  formula  for  determining  the  maximum  concentration  of  a  pollutant  in  soil  is: 

^-'soil-max  ^ total  ^  -1-  ^  — 1—  X  T  X  CF 

BD  SD 
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Where: 


-"soil-max 


total 


D, 

T 

CF 

SD 

BD 


Maximum  pollutant  concentration  in  soil  due  to  deposition  (mg/kg). 
Total  deposition  rate  (g/m2/yr). 

Accumulation  time  (2  years),  life  of  incinerator. 

Conversion  factor  (1,000  mg/g). 

Mixing  depth  of  soil  (0.1  or  0.2  meters). 

Bulk  density  of  soil  (1,425  kg/m3). 


The  soil  bulk  density,  which  was  used  (1,425  kg/m3),  was  based  on  an  average  value  from 
the  various  soil  types  that  occur  in  the  Rocky  Mountain  Arsenal  vicinity  (Price,  1990). 


Average  Concentrations: 


Average  soil  pollutant  concentrations  that  would  occur  over  the  70-year  lifetime  of  an 
individual  were  calculated  as  follows: 


"soil-avg 


2  years 

_  x 

70  years 


"soil-max 


2 


68  years  (Csoil.max) 

+  _  x 

70  years 


Where: 

Csoii-avg  =  Average  pollutant  concentration  in  soil  due  to  deposition  (mg/kg). 

^soil-max  =  Maximum  pollutant  concentration  in  soil  due  to  deposition  (mg/kg). 

The  first  term  in  this  equation  accounts  for  the  two  years  of  deposition,  and  the  second  term 
accounts  for  the  years  following  the  facility  lifetime. 

Soil  concentrations  for  all  pollutants  of  concern  were  calculated  for  each  of  the  exposure 
scenarios  (i.e.,  Resident-A,  Resident-B,  Farmer,  Worker)  based  on  total  deposition  rates 
specific  to  each  receptor  location.  Based  on  the  selection  of  the  routes  of  exposure  under 
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the  soil  pathway,  two  mixing  depths  were  used  to  calculate  soil  concentrations,  0.1  meter  (10 
cm)  and  0.2  meter  (20  cm). 

Pollutant  concentrations  in  soil  determined  for  a  0.1-meter  mixing  depth  were  used  in 
predicting  exposure  through  the  following  routes  of  exposure: 

•  Exposure  through  child  soil/dust  ingestion. 

•  Exposure  through  child  dermal  absorption. 

•  Exposure  through  adult  soil/dust  ingestion. 

•  Exposure  through  adult  dermal  absorption. 

For  these  exposure  routes,  the  pollutants  were  assumed  to  be  uniformly  distributed  in  the 
top  0.1  meter  of  the  soil. 

Pollutant  concentrations  in  soil  established  for  a  0.2-meter  mixing  depth  were  used  for  the 
following  routes  of  exposure: 

•  Exposure  through  vegetable  consumption. 

•  Intake  by  cattle  through  grain,  hay,  and  com  silage  ingestion. 

The  0.2-meter  mixing  depth  was  based  on  the  assumption  that  only  the  top  0.2  meter  (8 
inches)  of  soil  would  be  disturbed  by  diking  or  rototilling  (EPA,  1986). 

For  all  pollutants,  maximum  soil  concentrations  were  used  in  estimating  potential 
noncarcinogenic  effects.  Average  soil  concentrations  were  used  in  calculating  carcinogenic 
risk  for  children  and  adults,  since  the  calculation  of  carcinogenic  risk  is  based  on  a  70-year 
lifetime  exposure.  Since  infants  are  exposed  for  only  1  year  during  which  exposure 
concentrations  will  be  at  a  maximum,  maximum  soil  concentrations  were  used  in  the 
calculation  of  carcinogenic  risk  to  the  infant. 
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Tables  8A-1  through  8A-4  present  the  pollutant  concentrations  in  soil  based  on  the 
Resident-A,  Resident-B,  Farmer,  and  Worker  scenarios,  respectively.  It  should  be  noted  that 
the  soil  concentrations  calculated  for  the  Farmer  scenario  also  were  used  in  the  Resident-A 
and  Resident-B  scenarios  in  estimating  pollutant  uptake  through  milk  and  beef  consumption. 
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Acetone 
Acetonitri  Le 
Aery lorn tri  le 
Aldrin 
Atrazine 
Benzaldehyde 
Benzene 
Benzofuran 
Benzoic  Acid 
Benzonitri le 
Biphenyl 
Bromome thane 
Carbazole 

Carbon  Tetrachloride 
Chlorobenzene 
4-Chlorobiphenyl 
4 , 4 - Ch l o robi ph  eny l 
Chloroform 

4-Chlorophenylmethylsulfone 
4 - Ch l oropheny l methyl sulfoxide 

p,p'DDE 

p,p-DDT 

Di benzofuran 

Di chlorobenzenes  (total) 

1 , 4 - D i ch l orobenzene 

1 .1 - Dichloroethene 

1 .2- Dichloroethene 

1.2- Dich loropropane 
Dicyclopentadiene 
Dieldrin 

Di isopropyl  Methylphosphonate 

1 . 3 -  D i met hy l benzene 
Dimethyldi sulfide 
Dimethyl  Methylphosphonate 
Dioxins/Furans  (EPA  TEFs) 
Dithiane 

Endrin 

Ethylbenzene 

Hexach l orobenzene 

Hexach l orocyc l opent adi ene 

Isodr in 

Ma lath ion 

Methanol 

Methyl  Chloride 

Methylene  Chloride 


Table  8A-1 
Soil  Concentrations 
Resident-A  Scenario 


AVERAGE 

TOTAL 

CALCULATED 

DEPOSITION 

CONC  IN 

RATE 

SOIL 

g/M2/yr 

.2M 

mg/Kg 

NA 

NA 

3.77E-10 

2.61E-09 

NA 

NA 

4.05E-10 

2.80E-09 

8.84E-11 

6. 1 1E- 10 

8.16E-08 

5.64E-07 

NA 

NA 

1.56E-07 

1.08E-06 

3.92E-08 

2.71E-07 

3.77E-11 

2-61 E- 1 0 

NA 

NA 

NA 

NA 

7.51E- 12 

5.19E-11 

NA 

NA 

NA 

NA 

2.64E-07 

1.83E-06 

4.97E-09 

3.44E-08 

NA 

NA 

4.39E-08 

3.04E-07 

5.41E-09 

3.74E-08 

4.39E-11 

3.04E- 10 

1.37E-10 

9.45E-10 

7.82E-09 

5.41E-08 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.78E-11 

1.23E-10 

8.28E-11 

5.73E-10 

1.39E-08 

9.62E-08 

2.32E-11 

1.61E-10 

NA 

NA 

3.43E-07 

2.37E-06 

4.63E- 13 

3.21E- 12 

1 -41 E “11 

9.73E-1 1 

8.03E-11 

5.56E-10 

NA 

NA 

2.68E-10 

1.85E-09 

7.45E-10 

5.15E-09 

2.10E-10 

1 -45E-09 

3.24E-10 

2.24E-09 

1.53E-06 

1.06E-05 

NA 

NA 

NA 

NA 

MAXIMUM 

AVERAGE 

CALCULATED 

CALCULATED 

CONC  IN 

CONC  IN 

SOIL 

SOIL 

.2M 

.  1M 

mg/Kg 

mg/Kg 

NA 

NA 

2.65E-09 

5.22E-09 

NA 

NA 

2.84E-09 

5.60E-09 

6.20E- 10 

1 .22E-09 

5.72E-07 

1.13E-06 

NA 

NA 

1.10E-06 

2.16E-06 

2.75E-07 

5.43E-07 

2.65E- 10 

5.22E- 10 

NA 

NA 

NA 

NA 

5.27E- 1 1 

1.04E-10 

NA 

NA 

NA 

NA 

1.85E-06 

3.66E-06 

3.49E-08 

6.88E-08 

NA 

NA 

3.08E-07 

6.07E-07 

3.79E-08 

7.48E-08 

3.08E- 10 

6.07E-10 

9.58E- 10 

1.89E-09 

5.49E-08 

1.08E-07 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.25E-10 

2.47E-10 

5.81E- 10 

1.15E-09 

9.76E-08 

1.92E-07 

1.63E-10 

3.21E- 10 

NA 

NA 

2.41E-06 

4.75E-06 

3.25E-12 

6.41E-12 

9.87E-11 

1.95E-10 

5.64E-10 

1.11E-09 

NA 

NA 

1.88E-09 

3.70E-09 

5.23E-09 

1.03E-08 

1.47E-09 

2.90E-09 

2.28E-09 

4.49E-09 

1.08E-05 

2.12E-05 

NA 

NA 

NA 

NA 

MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.1M 
mg/Kg 

NA 

5.29E-09 

MA 

5.68E-09 

1.24E-09 

1.14E-06 

MA 

2.19E-06 

5.51E-07 

5.29E-10 

NA 

MA 

1.05E-10 

NA 

MA 

3.71E-06 

6.98E-08 

NA 

6.16E-0 7 
7.59E-08 
6. 16E-10 
1.92E-09 
1.10E-07 
NA 
NA 
NA 
NA 

2.50E-10 

1.16E-09 

1.95E-07 

3.26E-10 

NA 

4.81E-06 

6.51E-12 

1.97E-10 

1.13E-09 

NA 

3.76E-09 
1 -05E-08 
2.94E-09 
4.55E-09 
2.15E-05 
NA 
NA 
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Table  8A-1 

(continued) 


4-Nitrophenol 

PAHs 

Acenaphthalene 

Acenaphthene 

Benzo(a)pyrene 

Chrysene 

Dibenzo(a,h)anthracene 

Fluoranthene 

Fluorene 

Phenanthrene 

Pyrene 

Parathion 

Pentach l orobenzene 

Phenol 

Pyridine 

Quinoline 

Styrene 

Supona 

Tetrachlorobenzene 

Tetrachloroethene 

Toluene 

Tri chi orobenzene 

Trichloroethene 

Urea 

Vapona 

Vinyl  Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium  (III) 

Chromium  (VI) 

Cobalt 

Copper 

Cyanogen 

Hydrogen  Cyanide 
Iron 


TOTAL 

DEPOSITION 

RATE 

g/M2/yr 


3.37E-09 

3.89E-08 
3.89E-08 
7.82E-09 
7-82E-09 
7.82E-09 
2.34E-08 
7.82E-09 
1.56E-08 
7.82E-09 
4.42E- 1 1 
1.20E-10 
4.23E-07 

U  A 

1.88E-11 

NA 

1.37E-10 
5.04E-1 1 
NA 
NA 

2.68E-1 1 
NA 

5.75E-05 

3.58E-10 

NA 

NA 


NA 

NA 

7.05E-08 

3.99E-07 

NA 

4.08E-09 

NA 

6.24E-08 

NA 

NA 

NA 

NA 

3.74E-04 

NA 

NA 

NA 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
-2M 
mg/Kg 

2.33E-08 

2.69E-07 
2.69E-07 
5.41E-08 
5  - 41 E - 08 
5.41E-08 
1.62E-07 
5.41E-08 
1.08E-07 
5.41E-08 
3.06E-10 
8.27E-10 
2.93E-06 
NA 

1.30E-10 

NA 

9.45E-10 

3.48E-10 

NA 

1.86E-10 

MA 

3.98E-04 

2.48E-09 

NA 

NA 


NA 

NA 

4.87E-07 

2.76E-06 

NA 

2.82E-08 

NA 

4.32E-07 

NA 

NA 

NA 

NA 

2.59E-03 

NA 

NA 

NA 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
-2M 


mg/Kg 

2.36E- 

08 

2.73E- 

07 

2.73E- 

07 

5.49E- 

08 

5.49E- 

08 

5.49E- 

08 

1.64E- 

07 

5.49E- 

•08 

1-1 0E - 

07 

5.49E- 

■08 

3.1 0E - 

•10 

8.39E- 

■10 

2.97E* 

■06 

NA 

1.32E- 

■10 

NA 

9.58E- 

-10 

3.53E’ 

■10 

NA 

NA 

1.88E 

-10 

NA 

4.03E 

-04 

2.52E 

-09 

NA 

NA 

NA 

NA 

4.94E- 

07 

2.80E- 

06 

NA 

2.86E- 

00 

o 

NA 

4.38E- 

07 

NA 

NA 

NA 

NA 

2.62E- 

■03 

NA 

NA 

NA 

AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.  1M 
mg/Kg 

4.66E-08 

5.39E-07 

5.39E-07 

1.08E-07 

1.08E-07 

1.08E-07 

3.24E-07 

1.08E-07 

2.16E-07 

1.08E-07 

6.11E-10 

1.65E-09 

5.86E-06 

NA 

2.60E- 10 
NA 

1.89E-09 

6.97E-10 

NA 

NA 

3-71 E - 1 0 

NA 

7.95E-04 

4.96E-09 

NA 

NA 


NA 

NA 

9.75E-07 
5 . 5 1 E - 06 

NA 

5.64E-08 

NA 

8.64E-07 

NA 

NA 

NA 

NA 

5.17E-03 

NA 

NA 

NA 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
,1M 
mg/Kg 

4.73E-08 

5.46E-07 
5.46E-07 
1.1 0E ' 07 
1.10E-07 
1.1 0E  ~  07 
3.29E-07 
1-1 0E - 07 
2.19E-07 
1-1 0E - 07 
6.20E-10 
1.68E-09 
5.94E-06 

NA 

2.64E-10 

NA 

1.92E-09 

7.07E-10 

NA 

NA 

3.76E-10 

8.07E-04 

5.03E-09 

NA 

NA 


NA 

9.89E-07 

5.59E-06 

NA 

5.72E-08 

NA 

8.76E-07 

NA 

NA 

NA 

NA 

5.25E-03 

NA 

NA 

NA 


815C/A8a^l 
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VOLUME  n 


Table  8A-1 

(continued) 


TOTAL 

DEPOSITION 

RATE 

g/M2/yr 


Lead 

1 -25E-07 

Lithium 

NA 

Magnesium 

NA 

Manganese 

NA 

Mercury 

1.10E-07 

Molybdenum 

NA 

Nickel 

NA 

Phosphate 

NA 

Potassium 

NA 

Selenium 

NA 

Silicon 

NA 

Si Iver 

NA 

Sodium 

NA 

Strontium 

NA 

Thallium 

NA 

Tin 

NA 

Titanium 

NA 

Vanadium 

NA 

Yttrium 

NA 

Zinc 

NA 

AVERAGE 

MAXIMUM 

AVERAGE 

MAXIMUM 

CALCULATED 

CALCULATED 

CALCULATED 

CALCULATED 

CONC  IN 

CONC  IN 

CONC  IN 

CONC  IN 

SOIL 

SOIL 

SOIL 

SOIL 

-2M 

-2M 

-1M 

.  1M 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

8.66E-0 7 

8.78E-07 

1.73E-06 

1.76E-0* 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7.63E-07 

7.74E-07 

1.53E-06 

1.55E-0* 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

815C/A8a.51 
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Table  8A-2 

Soil  Concentrations 
Resident-B  Scenario 


AVERAGE 

MAXIMUM 

AVERAGE 

MAXIMUM 

TOTAL 

CALCULATED 

CALCULATED 

CALCULATED 

CALCULATED 

DEPOSITION 

CONC  IN 

CONC  IN 

CONC  IN 

CONC  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

g/M2/yr 

-2M 

-2M 

.1M 

.  1M 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

Acetone 

NA 

NA 

NA 

NA 

NA 

Acetonitrile 

6-1 2E -10 

4.24E-09 

4.30E-09 

8.47E-09 

8.60E-09 

Acrylonitri le 

NA 

NA 

NA 

NA 

NA 

Aldrin 

6.58E-10 

4.55E-09 

4.61E-09 

9.10E-09 

9.23E-09 

Atrazine 

1.44E-10 

9.93E-10 

1 .01 E- 09 

1.99E-09 

2.02E-09 

Benz aldehyde 

1.33E-07 

9.17E-0 7 

9.30E-07 

1.83E-06 

1.86E-06 

Benzene 

NA 

NA 

NA 

NA 

NA 

Benzofuran 

2.54E-07 

1.76E-06 

1.78E-06 

3. 51 E- 06 

3.57E-06 

Benzoic  Acid 

6.38E-08 

4.41E-07 

4.47E-07 

8.82E-07 

8.95E-07 

Benzonitri  le 

6.12E-11 

4.24E-10 

4.30E-10 

8.47E-10 

8.60E-10 

Biphenyl 

NA 

NA 

NA 

NA 

NA 

Bromomethane 

NA 

NA 

NA 

NA 

NA 

Carbazole 

1.22E-11 

8.44E-1 1 

8.56E-11 

1.69E-10 

1.71E-10 

Carbon  Tetrachloride 

NA 

NA 

NA 

NA 

NA 

Chlorobenzene 

NA 

NA 

NA 

NA 

NA 

4 -Chlorobi phenyl 

4.29E-07 

2.97E-06 

3.01E-06 

5.94E-06 

6.02E-06 

4 , 4 - Ch l o rob i ph  eny l 

8.08E-09 

5.59E-08 

5.67E-08 

1 . 12E-07 

1.13E-07 

Chloroform 

NA 

NA 

NA 

NA 

NA 

4-Ch lorophenylmethylsulfone 

7.13E-08 

4.93E-07 

5.00E-07 

9.86E-07 

1.00E-06 

4 -Chlorophenylmethyl sulfoxide 

8.79E-09 

6.08E-08 

6.16E-08 

1.22E-07 

1.23E-07 

p,p-DDE 

7.13E-11 

4.93E-10 

5.00E- 10 

9.86E-10 

1.00E-09 

p,p-DDT 

2.22E-10 

1.53E-09 

1.56E-09 

3.07E-09 

3. 1 1E-09 

Di benzofuran 

1.27E-08 

8.79E-08 

8.91E-08 

1.76E-07 

1.78E-07 

Di chlorobenzenes  (total) 

NA 

NA 

NA 

NA 

NA 

1,4-Dichl o  r obenzene 

NA 

NA 

NA 

NA 

NA 

1 ,1-Dichloroethene 

NA 

NA 

NA 

NA 

NA 

1 ,2-Dichloroethene 

NA 

NA 

NA 

NA 

NA 

1 , 2 - D i ch l oropropane 

NA 

NA 

NA 

NA 

NA 

D i eye l open t ad i ene 

2.90E-11 

2.00E-10 

2.03E-10 

4-01E-10 

4.07E- 10 

Dieldrin 

1.35E-10 

9.31E- 10 

9.44E-10 

1.86E-09 

1.89E-09 

Di isopropyl  Methylphosphonate 

2.26E-08 

1.56E-07 

1.59E-07 

3.13E-07 

3.17E-07 

1 ,3 -Dimethyl benzene 

3.77E-11 

2.61E-10 

2.65E-10 

5.22E- 10 

5.29E-10 

Dimethyldisulf ide 

NA 

NA 

NA 

NA 

NA 

Dimethyl  Methylphosphonate 

5.57E-07 

3.85E-06 

3.91E-06 

7.71E-06 

7.82E-06 

Dioxins/Furans  (EPA  TEFs) 

7.53E-13 

5.21E-12 

5.28E-12 

1.04E-11 

1.06E-11 

Dithiane 

2.28E-11 

1.58E-10 

1.60E-10 

3.16E-10 

3.21E- 10 

Endrin 

1.31E-10 

9.03E-10 

9.1 6E “10 

1.81E-09 

1.83E-09 

Ethylbenzene 

NA 

NA 

NA 

NA 

NA 

Hexach lorobenzene 

4.35E-10 

3.01E-09 

3.05E-09 

6.01E-09 

6.10E-09 

Hexach lorocyc l opentadi ene 

1.21E-09 

8.37E-09 

8.49E-09 

1.67E-08 

1.70E-08 

Isodn'n 

3.40E- 10 

2.35E-09 

2.39E-09 

4.71E-09 

4.78E-09 

Ma lath ion 

5.27E-10 

3.65E-09 

3.70E-09 

7.29E-09 

7.40E-09 

Methanol 

2.49E-06 

1.72E-05 

1.75E-05 

3.44E-05 

3.49E-05 

Methyl  Chloride 

NA 

NA 

NA 

NA 

NA 

Methylene  Chloride 

NA 

NA 

NA 

NA 

NA 

815C/A8a_51 
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VOLUME  II 


Table  8A-2 

(continued) 


4-Nitrophenol 

PAHs 

Acenaphthalene 

Acenaphthene 

Benzo(a)pyrene 

Chrysene 

D i benzo( a , h ) ant h  racene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 
Pentach l orobenzene 
Phenol 
Pyridine 
Quinoline 
Styrene 
Supona 

Tetrach l orobenzene 

Tetrachloroethene 

Toluene 

Trichlorobenzene 

Trichloroethene 

Urea 

Vapona 

Vinyl  Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Ant i mony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmi urn 
Calcium 
Chromium  (III) 

Chromium  (VI) 

Cobalt 

Copper 

Cyanogen 

Hydrogen  Cyanide 
Iron 


TOTAL 

DEPOSITION 

RATE 

g/M2/yr 


5.47E-09 

6.33E-08 
6.33E-08 
1 -27E-08 
1.27E-08 
1.27E-08 
3.81E-08 
1.27E-08 
2.54E-08 
1.27E-08 
7.18E-11 
1.94E-10 
6.88E-07 
NA 

3.06E-11 

NA 

2.22E-10 

8.18E-11 

NA 

NA 

4.36E- 1 1 
NA 

9.34E-05 
5.82E- 10 
NA 
NA 


NA 

NA 

1.14E-07 

6.48E-07 

NA 

6.63E-09 

NA 

1.01E-07 

NA 

NA 

NA 

MA 

6.07E-04 

NA 

NA 

NA 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2M 
mg/Kg 

3.79E-08 

4.38E-07 

4.38E-07 

8.79E-08 

8.79E-08 

8.79E-08 

2.63E-07 

8.79E-08 

1.76E-07 

8.79E-08 

4.97E-10 

1.34E-09 

4.76E-06 

U  A 

2-1 IE* 10 
NA 

1 .53E-09 
5.66E- 10 
NA 
NA 

3.01E-10 

NA 

6.46E-04 

4.03E-09 

NA 

NA 


NA 

NA 

7.92E-07 

4.48E-06 

NA 

4.58E-08 

NA 

7.01E-07 

NA 

NA 

NA 

NA 

4.20E-03 

NA 

NA 

NA 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.2M 
mg/Kg 

3.84E-08 

4.44E-07 
4.44E-07 
8.91E-08 
8.91E-08 
8. 91 E- 08 
2.67E-07 
8.91E-08 
1.78E-07 
8.91E-08 
5.04E-10 
1.36E-09 
4.83E-06 
NA 

2.15E-10 

NA 

1.56E-09 
5.74E- 10 
NA 
NA 

3.06E-10 

NA 

6.55E-04 

4.09E-09 

NA 

NA 


NA 

NA 

8.03E-07 

4.54E-06 

NA 

4.65E-08 

NA 

7.12E-07 

NA 

NA 

NA 

NA 

4.26E-03 

NA 

NA 

NA 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
•  1M 
mg/Kg 

7.57E-08 

8.75E-07 
8.75E-07 
1.76E-07 
1 -76E-07 
1.76E-07 
5.26E-07 
1.76E-07 
3.51E-07 
1.76E-07 
9.93E- 10 
2.69E-09 
9.51E-06 
NA 

4.23E-10 

3.07E-09 
1 . 13E-09 
NA 

NA 

6.03E-10 

NA 

1.29E-03 

8.06E-09 

NA 

NA 


NA 

NA 

1 .58E-06 
8 . 96E -  06 

NA 

9.17E-08 

NA 

1.40E-06 

NA 

NA 

NA 

NA 

8.40E-03 

NA 

NA 

NA 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.1M 
mg/Kg 

7.68E-08 

8.88E-0 7 
8.88E-0 7 
1.78E-07 
1 -78E-07 
1.78E-07 
5.34E-07 
1.78E-07 
3.57E-07 
1.78E-07 
1 .01 E- 09 
2.73E-09 
9.65E-06 
NA 

4.29E-10 

N  A 

3. 1 1E-09 
1.15E-09 
NA 
NA 

6.12E-10 

NA 

1.31E-03 

8.17E-09 

NA 

NA 


NA 

NA 

1.61E-06 

9.09E-06 

NA 

9.30E-08 

NA 

1.42E-06 

NA 

NA 

NA 

NA 

8.53E-03 

NA 

NA 

NA 


815C/A8a.51 
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Table  8A-2 

(continued) 


AVERAGE 

MAXIMUM 

AVERAGE 

MAXIMUM 

TOTAL 

CALCULATED 

CALCULATED 

CALCULATED 

CALCULATED 

DEPOSITION 

CONC  IN 

CONC  IN 

CONC  IN 

CONC  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

g/M2/yr 

•2M 

.2M 

.1M 

.  1M 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

Lead 

2.03E-07 

1.41E-06 

1.43E-06 

2.81E-06 

2.85E-06 

Lithium 

NA 

NA 

NA 

NA 

NA 

Magnesium 

NA 

NA 

NA 

NA 

NA 

Manganese 

NA 

NA 

NA 

NA 

NA 

Mercury 

1.79E-07 

1.24E-06 

1.26E-06 

2.48E-06 

2.52E-06 

Molybdenum 

NA 

NA 

NA 

NA 

NA 

Nickel 

NA 

NA 

NA 

NA 

NA 

Phosphate 

NA 

NA 

NA 

NA 

NA 

Potassium 

NA 

NA 

NA 

NA 

NA 

Selenium 

NA 

NA 

NA 

NA 

NA 

Silicon 

NA 

NA 

NA 

NA 

NA 

Si Iver 

NA 

NA 

NA 

NA 

NA 

Sodium 

NA 

NA 

NA 

NA 

NA 

Strontium 

NA 

NA 

NA 

NA 

NA 

Thallium 

NA 

NA 

NA 

NA 

NA 

Tin 

NA 

NA 

NA 

NA 

NA 

Titanium 

NA 

NA 

NA 

NA 

NA 

Vanadium 

NA 

NA 

NA 

NA 

NA 

Yttrium 

NA 

NA 

NA 

NA 

NA 

Zinc 

NA 

NA 

NA 

NA 

NA 
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Table  8A-3 

Soil  Concentrations 
Fanner  Scenario 


Acetone 

Acetoni tri le 

Acrylonitri Le 

Aldrin 

Atrazine 

Benzaldehyde 

Benzene 

Benzofuran 

Benzoic  Acid 

Benzonitri le 

Biphenyl 

Bromomethane 

Carbazole 

Carbon  Tetrachloride 
Chlorobenzene 
4-Ch l orobi phenyl 
4,4-Chlorobiphenyl 
Chloroform 

4-Chlorophenylmethylsulfone 
4 -Chlorophenylmethy l sulfoxide 

p,p-DDE 

p,p-DDT 

Di benzofuran 

Di chlorobenzenes  (total) 

1 , 4 - D i ch l orobenzene 

1 . 1- Dichloroethene 

1 .2- Dich loroethene 

1 .2- Dich loropropane 
Dicyclopentadiene 
Dieldrin 

Di isopropyl  Methylphosphonate 

1 .3 - Dimethyl benzene 
Dimethyldisulf ide 
Dimethyl  Methylphosphonate 
Dioxins/Furans  (EPA  TEFs) 

D i th i ane 
Endrin 

Ethylbenzene 

Hexach lorobenzene 

Hexach lorocyc l opentadi ene 

Isodr in 

Ma lath  ion 

Methanol 

Methyl  Chloride 

Methylene  Chloride 


TOTAL 

DEPOSITION 

RATE 

g/M2/yr 


NA 

3.66E-10 

U  A 

3.93E- 10 
8.58E-11 
7.92E-08 
NA 

1.52E-07 
3. 81 E- 08 
3.66E- 11 
NA 
NA 

7.29E-12 

NA 

NA 

2.57E-07 

4.83E-09 

NA 

4.26E-08 

5.25E-09 

4.26E-11 

1.33E-10 

7.59E-09 

NA 

NA 

NA 

NA 

NA 

1.73E-11 
8.04E-11 
1 -35E-08 
2.25E- 11 
NA 

3.33E-07 
4.50E- 13 
1.37E-11 
7.80E-11 
NA 

2.60E- 10 
7.23E- 10 
2.03E- 10 
3.15E-10 
1.49E-06 
NA 
NA 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2M 
mg/Kg 

NA 

2.53E-09 

NA 

2.72E-09 

5.94E-10 

5.48E-07 

NA 

1.05E-06 
2.64E-07 
2.53E- 10 
NA 
NA 

5.04E- 1 1 
NA 
NA 

1.77E-06 

3.34E-Q8 

NA 

2.95E-07 

3.63E-08 

2.95E-10 

9.17E-10 

5.25E-08 

NA 

NA 

NA 

NA 

NA 

1.20E-10 
5.56E- 10 
9.34E-08 
1.56E-10 
NA 

2.30E-06 
3.11E-12 
9.44E-1 1 
5.40E- 10 
NA 

1.80E-09 

5.00E-09 

1.41E-09 

2.18E-09 

1.03E-05 

NA 

NA 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.2M 
mg/Kg 

NA 

2.57E-09 

MA 

2.76E-09 

6.02E-10 

5.56E-07 

1.07E-06 

2.67E-07 

2.57E-10 

NA 

NA 

5.12E-11 

NA 

1.80E-06 

3.39E-08 

MA 

2.99E-07 

3.68E-08 

2.99E-10 

9.31E-10 

5.33E-08 

NA 

NA 

NA 

NA 

NA 

1.21E-10 

5.64E-10 

9.47E-08 

1.58E-10 

NA 

2.34E-06 

3.16E-12 

9.58E-11 

5.47E-10 

NA 

1.82E-09 
5.07E-09 
1.43E-09 
2. 21 E- 09 
1.04E-05 
NA 
NA 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.1M 
mg/Kg 

NA 

5.06E-09 

MA 

5.44E-09 

1.19E-09 

1.10E-06 

2-10E-06 

5.27E-07 

5.06E-10 

NA 

MA 

1.01E-10 

NA 

NA 

3.55E-06 

6.68E-08 

MA 

5.89E-07 

7.26E-08 

5.89E-10 

1.83E-09 

1.05E-07 

NA 

NA 

NA 

NA 

MA 

2.39E-10 

1.11E-09 

1.87E-07 

3.12E-10 

NA 

4.61E-06 

6.23E-12 

1.89E-10 

1.08E-09 

MA 

3.59E-09 

1.00E-08 

2.81E-09 

4.36E-09 

2.06E-05 

NA 

NA 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.  1M 
mg/Kg 

NA 

5.14E-09 

MA 

5.52E-09 
1.20E-09 
1 . 1 1E-06 
NA 

2.13E-06 

5.35E-07 

5.14E-10 

NA 

NA 

1.02E-10 

NA 

NA 

3.60E-06 

6.78E-08 

NA 

5.98E-07 

7.37E-08 

5.98E-10 

1.86E-09 

1.07E-07 

NA 

NA 

NA 

NA 

NA 

2.43E-10 
1.13E-09 
1.89E-07 
3.16E- 10 
NA 

4.67E-06 
6.32E-12 
1.92E-10 
1 . 09E -  09 
NA 

3.65E-09 

1.01E-08 

2.85E-09 

4.42E-09 

2-09E-05 

NA 

NA 
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Table  8A-3 

(continued) 


4-Ni trophenol 
PAHs 

Acenaphthalene 

Acenaphthene 

Benzo(a)pyrene 

Chrysene 

D ibenzoC a, h) anthracene 
Fluoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 
Pentach lorobenzene 
Phenol 
Pyridine 
Quinoline 
Styrene 
Supona 

Tetrach lorobenzene 

Tetrachloroethene 

Toluene 

Tri chlorobenzene 

Trichloroethene 

Urea 

Vapona 

Vinyl  Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium  (III) 

Chromium  (VI) 

Coba l t 
Copper 
Cyanogen 
Hydrogen  Cyanide 
Iron 


TOTAL 

DEPOSITION 

RATE 

g/M2/yr 


3.27E-09 

3.78E-08 

3.78E-08 

7.59E-09 

7.59E-09 

7.59E-09 

2.27E-08 

7.59E-09 

1.52E-08 

7.59E-09 

4.29E-11 

1.16E-10 

4.11E-07 

NA 

1.83E-11 

NA 

1.33E-10 

4.89E-11 

NA 

MA 

2.60E-1 1 
NA 

5.58E-05 

3.48E-10 

NA 

NA 


NA 

NA 

6.84E-08 

3.87E-07 

NA 

3.96E-09 

NA 

6.06E-08 

NA 

NA 

NA 

3.63E-04 

NA 

NA 

NA 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.2M 
mg/Kg 

2.26E-08 

2.61E-07 

2.61E-07 

5.25E-08 

5.25E-08 

5.25E-08 

1.57E-07 

5.25E-08 

1.05E-07 

5.25E-08 

2.97E-10 

8.03E-10 

2.84E-06 

NA 

1.26E-10 

WA 

9.17E-10 
3.38E- 10 
NA 
NA 

1.80E-10 

II A 

3.86E-04 

2.41E-09 

NA 

NA 


NA 

NA 

4.73E-07 

2.68E-06 

kj  a 

2.74E-08 

NA 

4 . 1 9E -  07 
NA 
NA 
NA 
NA 

2.51E-03 

NA 

NA 

NA 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
,2M 
mg/Kg 

2.29E-08 

2.65E-07 

2.65E-07 

5.33E-Q8 

5.33E-08 

5.33E-08 

1.60E-07 

5.33E-08 

1.07E-07 

5.33E-08 

3.01E-10 

8.15E-10 

2.88E-06 

II A 

1.28E-10 

NA 

9.31 E - 1 0 
3.43E-10 
NA 
NA 

1.83E-10 

UA 

3.92E-04 

2.44E-09 

NA 

NA 


NA 

KIA 

4.80E-07 

2.72E-06 

MA 

2.78E-08 

NA 

4.25E-07 

NA 

NA 

NA 

NA 

2.55E-03 

NA 

NA 

NA 


AVERAGE 
CALCULATED 
CONC  IN 
SOIL 
.  1M 
mg/Kg 

4.52E-08 

5.23E-07 
5.23E-07 
1.05E-07 
1.05E-07 
1.05E-07 
3.15E-07 
1.05E-07 
2.10E-07 
1 -05E-07 
5.94E- 10 
1 . 61 E - 09 
5.69E-06 
NA 

2.53E-10 

NA 

1.83E-09 

6.77EM0 

NA 

NA 

3.60E-10 

NA 

7.72E-04 

4.81E-09 

NA 

NA 


NA 

NA 

9.46E-07 

5.35E-06 

5.48E-08 

NA 

8.38E-07 

NA 

NA 

NA 

NA 

5.02E-03 

NA 

NA 

NA 


MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.  1M 
mg/Kg 

4.59E-08 

5.31E-07 

5.31E-07 

1.07E-07 

1.07E-07 

1.07E-07 

3.19E-07 

1.07E-07 

2.13E-07 

1.07E-07 

6.02E-10 

1.63E-09 

5.77E-06 

IJA 

2.56E-10 

NA 

1.86E-09 
6.86E- 10 
NA 
NA 

3.65E- 10 

MA 

7.83E-04 

4.88E-09 

NA 

NA 


NA 

MA 

9.60E-07 

5.43E-06 

MA 

5.56E-08 

NA 

8.51E-07 

NA 

NA 

NA 

NA 

5.09E-03 

NA 

NA 

NA 
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Table  8A-3 
(continued) 


volume  n 


AVERAGE 

MAXIMUM 

AVERAGE 

MAXIMUM 

TOTAL 

CALCULATED 

CALCULATED 

CALCULATED 

CALCULATED 

DEPOSITION 

CONC  IN 

CONC  IN 

CONC  IN 

CONC  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

g/M2/yr 

.2M 

-2M 

.  1M 

.  1M 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

Lead 

1.21E-07 

8.40E-07 

8.53E-07 

1.68E-06 

1 .71 E- 06 

Lithium 

NA 

NA 

NA 

NA 

NA 

Magnesium 

NA 

NA 

NA 

NA 

NA 

Manganese 

NA 

NA 

NA 

NA 

NA 

Mercury 

1.07E-07 

7.41E-07 

7.52E-07 

1.48E-06 

1.50E-06 

Molybdenum 

NA 

NA 

NA 

NA 

NA 

Nickel 

NA 

NA 

NA 

NA 

NA 

Phosphate 

NA 

NA 

NA 

NA 

NA 

Potassium 

NA 

NA 

NA 

NA 

NA 

Selenium 

NA 

NA 

NA 

NA 

NA 

Si l icon 

NA 

NA 

NA 

NA 

NA 

Si Iver 

NA 

NA 

NA 

NA 

NA 

Sodium 

NA 

NA 

NA 

NA 

NA 

Strontium 

NA 

NA 

NA 

NA 

NA 

Thallium 

NA 

NA 

NA 

NA 

NA 

Tin 

NA 

NA 

NA 

NA 

NA 

Titanium 

NA 

NA 

NA 

NA 

NA 

Vanadium 

NA 

NA 

NA 

NA 

NA 

Yttrium 

NA 

NA 

NA 

NA 

NA 

Zinc 

NA 

NA 

NA 

NA 

NA 
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Table  8A-4 

Soil  Concentrations 
Worker  Scenario 


AVERAGE 

MAXIMUM 

AVERAGE 

MAXIMUM 

TOTAL 

CALCULATED 

CALCULATED 

CALCULATED 

CALCULATED 

DEPOSITION 

CONC  IN 

CONC  IN 

CONC  IN 

CONC  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

g/M2/yr 

.2M 

-2M 

-1M 

.  1M 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

Acetone 

NA 

NA 

NA 

NA 

NA 

Acetonitri  le 

5.44E-10 

3.76E-09 

3.82E-09 

7.53E-09 

7.64E-09 

Acrylonitrile 

NA 

NA 

NA 

NA 

NA 

Aldrin 

5.84E-10 

4.04E-09 

4.10E-09 

8.08E-09 

8.20E-09 

Atrazine 

1.28E-10 

8.82E-10 

8.95E-10 

1.76E-09 

1.79E-09 

Benzaldehyde 

1.18E-07 

8.14E-07 

8.26E-07 

1.63E-06 

1.65E-06 

Benzene 

NA 

NA 

NA 

NA 

NA 

Benzofuran 

2.26E-07 

1.56E-06 

1.58E-06 

3.12E-06 

3.17E-06 

Benzoic  Acid 

5.66E-Q8 

3.92E-07 

3.97E-07 

7.84E-07 

7.95E-07 

Benzonitri le 

5.44E-11 

3.76E-10 

3.82E-10 

7.53E-10 

7.64E-10 

Biphenyl 

NA 

NA 

NA 

NA 

NA 

Bromomethane 

NA 

NA 

NA 

NA 

NA 

Carbazole 

1.08E-11 

7.50E-1 1 

7.61E- 11 

1.50E-10 

1.52E-10 

Carbon  Tetrachloride 

NA 

NA 

NA 

NA 

NA 

Chlorobenzene 

NA 

NA 

NA 

NA 

NA 

4 -Chlorobi phenyl 

3.81E-07 

2.64E-06 

2.68E-06 

5.28E-06 

5.35E-06 

4,4- Ch lorobi phenyl 

7.18E-09 

4.97E-08 

5.04E-08 

9.93E-08 

1.01E-07 

Chloroform 

NA 

NA 

NA 

NA 

NA 

4-Chlorophenylmethylsulfone 

6.33E-08 

4.38E-07 

4.44E-07 

8.76E-07 

8.89E-07 

4 - Ch l oropheny l methyl su l fox i de 

7.81E-09 

5.40E-08 

5.48E-08 

1.08E-07 

1 . 10E-07 

p,p-DDE 

6.33E-11 

4.38E-10 

4.44E- 10 

8.76E  - 10 

8.89E-10 

p,p-DDT 

1.97E-10 

1.36E-09 

1.38E-09 

2.73E-09 

2.77E-09 

Di benzofuran 

1 -13E-08 

7.81E-08 

7.92E-08 

1.56E-07 

1.58E-07 

Di chlorobenzenes  (total) 

NA 

NA 

NA 

NA 

NA 

1 , 4 - D i ch l orobenzene 

NA 

NA 

NA 

NA 

NA 

1,1-Dichloroethene 

NA 

NA 

NA 

NA 

NA 

1,2-Dichloroethene 

NA 

NA 

NA 

NA 

NA 

1 , 2 - D i ch l o  ropr opane 

NA 

NA 

NA 

NA 

NA 

D i eye l open t  ad i ene 

2.57E-11 

1.78E-10 

1.81E-10 

3.56E-10 

3.61E-10 

Dieldrin 

1.20E-10 

8.27E-10 

8.39E-10 

1.65E-09 

1.68E-09 

Di isopropyl  Methylphosphonate 

2.01E-08 

1.39E-07 

1.41E-07 

2.78E-07 

2.82E-07 

1 ,3 -Dimethyl benzene 

3.35E-11 

2.32E-10 

2.35E-10 

4.63E-10 

4.70E- 10 

Dimethyldisulf ide 

NA 

NA 

NA 

NA 

NA 

Dimethyl  Methylphosphonate 

4.95E-07 

3.42E-06 

3.47E-06 

6.85E-06 

6.95E-06 

Dioxins/Furans  (EPA  TEFs) 

6.69E-13 

4.63E-12 

4.69E-12 

9.26E-12 

9.39E-12 

D i th i ane 

2.03E-11 

1.40E-10 

1.42E-10 

2.81 E- 10 

2.85E- 10 

Endrin 

1.16E-10 

8.02E- 10 

8.14E-10 

1.60E-09 

1.63E-09 

Ethylbenzene 

NA 

NA 

NA 

NA 

NA 

Hexach l orobenzene 

3.86E-10 

2.67E-09 

2.71E-09 

5-34E-09 

5.42E-09 

Hexach l orocyc l opentadi ene 

1.07E-09 

7.44E-09 

7.54E-09 

1.49E-08 

1 .51 E- 08 

Isodr in 

3.02E-10 

2.09E-09 

2.12E-09 

4.18E-09 

4.24E-09 

Ma lath  ion 

4.68E-10 

3.24E-09 

3.29E-09 

6.48E-09 

6.57E-09 

Methanol 

2.21E-06 

1.53E-05 

1.55E-05 

3.06E-05 

3.10E-05 

Methyl  Chloride 

NA 

NA 

NA 

NA 

NA 

Methylene  Chloride 

NA 

NA 

NA 

NA 

NA 
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4-Nitrophenol 

PAHs 

Acenaphthalene 

Acenaphthene 

Benzo(a)pyrene 

Chrysene 

D i benzo(a, h )anthracene 
F luoranthene 
Fluorene 
Phenanthrene 
Pyrene 
Parathion 

Pentach l orobenzene 

Phenol 

Pyridine 

Quinoline 

Styrene 

Supona 

T  et  rach l orobenzene 

Tetrachloroethene 

Toluene 

T  r i ch l orobenzene 

Trichloroethene 

Urea 

Vapona 

Vinyl  Chloride 
Xylene 

INORGANICS 
Aluminum 
Ammonia 
Antimony 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Calcium 
Chromium  (III) 

Chromium  (VI) 

Coba l t 
Copper 
Cyanogen 
Hydrogen  Cyanide 
Iron 


Table  8A-4 

(continued) 


TOTAL 

AVERAGE 

CALCULATED 

DEPOSITION 

CONC  IN 

RATE 

SOIL 

g/M2/yr 

-2M 

4.86E-09 

mg/Kg 

3.36E-08 

5.62E-08 

3.89E-07 

5.62E-08 

3.89E-07 

1.13E-08 

7.81E-08 

1.13E-08 

7.81E-08 

1.13E-08 

7.81E-08 

3.38E-0 8 

2.34E-07 

1.13E-08 

7. 81 E- 08 

2.26E-08 

1.56E-07 

1.13E-08 

7.81E-08 

6.38E- 11 

4.41E-10 

1.73E-10 

1.19E-09 

6. 1 1E-07 

4.23E-06 

NA 

NA 

2.72E-11 

1.88E-10 

NA 

NA 

1.97E-10 

1.36E-09 

7.27E- 1 1 

5.03E-10 

NA 

NA 

NA 

NA 

3.87E-11 

2.68E-10 

NA 

NA 

8.30E-05 

5.74E-04 

5.17E-10 

3.58E-09 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1.02E-07 

7.03E-07 

5.75E-07 

3.98E-06 

NA 

NA 

5.89E-09 

4.07E-08 

NA 

NA 

9.01E-08 

6.23E-07 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

5.40E-04 

3.73E-03 

NA 

NA 

NA 

NA 

NA 

NA 

MAXIMUM 

AVERAGE 

CALCULATED 

CALCULATED 

CONC  IN 

CONC  IN 

SOIL 

SOIL 

.2M 

.  1M 

mg/Kg 

mg/Kg 

3.41E-08 

6.73E-08 

3.94E-07 

7.77E-07 

3.94E-07 

7.77E-07 

7.92E-08 

1.56E-07 

7.92E-08 

1.56E-07 

7.92E-08 

1.56E-07 

2.37E-07 

4.68E-07 

7.92E-08 

1.56E-07 

1.58E-07 

3.12E-07 

7.92E-08 

1.56E-07 

4.48E-10 

8.82E- 10 

1.21E-09 

2.39E-09 

4.29E-06 

8.45E-06 

NA 

NA 

1 .91 E - 10 

3.76E- 10 

NA 

NA 

1 -38E-09 

2.73E-09 

5.1 0E - 10 

1-01E-09 

NA 

NA 

NA 

NA 

2.72E-10 

5.36E-10 

NA 

NA 

5.82E-04 

1  - 15E-03 

3.63E-09 

7.16E-09 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

7.14E-07 

1.41E-06 

4.04E-06 

7.96E-06 

NA 

NA 

4.13E-08 

8.14E-08 

NA 

NA 

6.32E-07 

1.25E-06 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

3.79E-03 

7.47E-03 

NA 

NA 

NA 

NA 

NA 

NA 

MAXIMUM 
CALCULATED 
CONC  IN 
SOIL 
.  1M 
mg/Kg 

6.82E-08 

7.89E-07 

7.89E-07 

1.58E-07 

1.58E-07 

1.58E-07 

4.74E-07 

1.58E-07 

3.17E-07 

1.58E-07 

8.95E-10 

2.42E-09 

8.58E-06 

KJA 

3.81E-10 

NA 

2.77E-09 

1.02E-09 

NA 

NA 

5.43E-10 

NA 

1.16E-03 

7.26E-09 

NA 

NA 


NA 

NA 

1.43E-06 

8.07E-06 

NA 

8.26E-08 

NA 

1.26E-06 

NA 

NA 

NA 

NA 

7.57E-03 

NA 

NA 

NA 
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Table  8A-4 

(continued) 


AVERAGE 

MAXIMUM 

AVERAGE 

MAXIMUM 

TOTAL 

CALCULATED 

CALCULATED 

CALCULATED 

CALCULATED 

DEPOSITION 

CONC  IN 

CONC  IN 

CONC  IN 

CONC  IN 

RATE 

SOIL 

SOIL 

SOIL 

SOIL 

g/M2/yr 

.2M 

.2M 

.  1M 

.1M 

mg/Kg 

mg/Kg 

mg/Kg 

mg/Kg 

Lead 

1.81E-07 

1.25E-06 

1.27E-06 

2.50E-06 

2.54E-06 

Lithium 

NA 

NA 

NA 

NA 

NA 

Magnesium 

NA 

NA 

NA 

NA 

NA 

Manganese 

NA 

NA 

NA 

NA 

NA 

Mercury 

1.59E-07 

1.1 OE - 06 

1.12E-06 

2.20E-06 

2.23E-06 

Molybdenum 

NA 

NA 

NA 

NA 

NA 

Nickel 

NA 

NA 

NA 

NA 

NA 

Phosphate 

NA 

NA 

NA 

NA 

NA 

Potassium 

NA 

NA 

NA 

NA 

NA 

Selenium 

NA 

NA 

NA 

NA 

NA 

Si licon 

NA 

NA 

NA 

NA 

NA 

Si Lver 

NA 

NA 

NA 

NA 

NA 

Sodium 

NA 

NA 

NA 

NA 

NA 

Strontium 

NA 

NA 

NA 

NA 

NA 

Thallium 

NA 

NA 

NA 

NA 

NA 

Tin 

NA 

NA 

NA 

NA 

NA 

Titanium 

NA 

NA 

NA 

NA 

NA 

Vanadium 

NA 

NA 

NA 

NA 

NA 

Yttrium 

NA 

NA 

NA 

NA 

NA 

Zinc 

NA 

NA 

NA 

NA 

NA 
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APPENDIX  8B 

METHODOLOGY  FOR  CALCULATING  POLLUTANT 
CONCENTRATIONS  IN  VEGETABLES 

This  appendix  presents  a  detailed  discussion  of  the  methods  used  to  determine  the  pollutant 
concentrations  in  vegetables  that  are  considered  in  the  vegetable  consumption  exposure 
route.  Three  vegetables  (carrots,  lettuce,  and  tomatoes)  were  selected  to  represent  the 
vegetables  that  may  be  grown  in  a  household  garden  in  the  area  surrounding  the  Rocky 
Mountain  Arsenal. 

8B.1  CARROTS 
8B.1.1  General  Approach 

The  pollutant  concentration  (Cu)  in  carrots  resulting  from  uptake  from  the  soil  is  expressed 
by  the  following  equation: 

Cu  (mg/kg)  =  Pollutant  concentration  in  soil  (mg/kg)  x  RUF 
Where: 

RUF  =  Root  uptake  factor  (unitless) 

The  soil  concentrations  used  in  the  calculations  are  presented  in  Tables  8A-1,  8A-2,  and 
8A-3  for  the  Resident-A,  Resident-B,  and  Farmer  scenarios,  respectively.  The  derivation 
of  the  root  uptake  factors  is  described  in  the  following  subsection. 
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8B.1.2  Derivation  of  Root  Uptake  Factors  for  Carrots 
Organics 

Root  uptake  factors  (RUFs)  were  derived  based  on  the  work  by  Briggs  et  al.  (1982).  Briggs 
et  al.  (1982)  studied  the  uptake  of  organic  chemicals  from  solution  by  barley  shoots  and 
established  the  following  relationship  between  the  root  concentration  factor  (RCF)  and  the 
Kow  (octanol/water  partition  coefficient)  for  the  organics  tested: 

log  (RCF  -  0.82)  =  0.77  log  -  1.52 

^root/^solution 

Pollutant  concentration  in  the  root  (mg/kg). 

Pollutant  concentration  in  water  (mg/L). 

Given  the  following  relationship  between  pollutant  distributions  in  soil  and  water  phases: 

c 

'"-'soil 

-  =  (KJ(U 

c 

^solution 

Where: 

Csoa  =  Pollutant  concentration  in  soil  (mg/kg). 

Qoiution  =  Pollutant  concentration  in  water  (mg/L). 

Ko,.  =  Organic  carbon  partition  coefficient. 

foc  =  Fraction  of  organic  carbon  in  the  soil,  1.42  percent  (Price,  1990). 

The  RUF  for  each  compound  could  be  determined  from  the  RCF  as  shown  in  the  following 
equation: 


Where: 

RCF  = 
C  = 

v-"root 

C  = 

^solution 
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RUF  =  - 

(KocXfJ 


c  c 

v"root/v^solution 


^soil/^solution 


-'root 


^soil 


RCFs  and  RUFs  were  calculated  for  the  pollutants  of  concern  using  K^s  and  K^s  from 
EPA  (1986)  and  a  soil  organic  carbon  content  (f^)  of  1.42  percent  (Price,  1990).  Log  Kow 
and  values  used  in  the  calculation  of  RUFs  are  presented  in  Table  8B-1.  data  were 
not  available  for  several  chemicals.  In  these  instances,  the  values  were  calculated  based  on 
the  log  If  the  chemical  was  an  aromatic  with  a  log  Kow  between  2  to  6.6,  the  following 
equation  was  used: 


log  Koc  =  0.937  log  K^,  -  0.006  (Lyman  et  al.,  1982) 

For  aromatics  with  a  log  Kow  falling  outside  the  given  range,  as  well  as  all  other  organic 
substances,  the  following  equation  was  used: 

log  =  0.544  log  +  1.377  (Lyman  et  al.,  1982). 

Inorganics 


The  RUFs  used  for  the  inorganic  compounds  were  based  on  transfer  coefficients  developed 
by  Baes  et  al.  (1984)  for  tubers.  Tubers  are  similar  to  carrots  in  that  most  tubers  grow 
underground  and  serve  as  food  storage  organs.  The  transfer  coefficients,  which  are 
expressed  as  dry  weight  plant  concentrations  divided  by  dry  weight  soil  concentrations,  were 
converted  to  wet  weight  by  assuming  a  water  content  for  carrots  of  88  percent  (Baes  et  al., 
1984). 

RUFs  used  to  determine  inorganic  uptake  by  carrots  can  be  found  in  Tables  8B-2  through 
8B-7.  It  should  be  noted  that,  although  the  chemical  composition  of  a  plant  reflects  its 
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(a)  Calculated  using  log  =  0.937  log  K^-0.006  (Lyman  et  al.,  1982). 

(b)  Calculated  using  log  =  0.544  log  1^+ 1.377  (Lyman  et  al.,  1982). 
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(a)  Calculated  using  log  =  0.937  log  K^-0.006  (Lyman  et  al.,  1982). 

(b)  Calculated  using  log  =  0.544  log  Kow+ 1.377  (Lyman  et  al.,  1982). 
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(a)  Calculated  using  log  =  0.937  log  K^-0.006  (Lyman  et  al.,  1982). 

(b)  Calculated  using  log  =  0.544  log  1.377  (Lyman  et  al.,  1982). 
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growth  medium,  the  rate  of  metals  uptake  by  plants  is  highly  variable  and  is  influenced  by 
many  factors.  These  factors  include  parameters  specific  to  the  plant  (species,  age)  and  to 
the  properties  of  the  soil  (pH,  organic  content,  cation  exchange  capacity,  concentration  of 
other  inorganics,  temperature,  aeration).  Thus,  in  the  absence  of  specific  information 
regarding  garden  soil  characteristics  in  the  RMA  area,  the  calculated  RUFs  should  be 
viewed  as  best  approximations. 

Average  concentrations  of  pollutants  in  carrots  and  average  daily  intakes  are  summarized 
for  the  adult  and  child  for  the  Resident-A,  Resident-B,  and  Farmer  scenarios  in  Tables  8B- 
2,  8B-3,  and  8B-4,  respectively.  The  maximum  pollutant  concentration  in  carrots  and  the 
maximum  daily  intakes  are  summarized  in  Tables  8B-5,  8B-6,  and  8B-7. 

8B.2  TOMATOES  AND  LETTUCE 

8B.2.1  Surface  Deposition  of  Pollutants  on  Tomatoes  and  Lettuce 

The  plant  pollutant  concentration  resulting  from  surface  deposition  (Cd)  is  expressed  by  the 
equation: 

Cd  =  (DR)  (VSDF) 

(maximum) 

Cd  =  (DR)  (VSDF)  (2/70) 

(average) 

Where: 

DR  =  Pollutant  dry  deposition  rate  (mg/m2s).  This  includes  only  dry 

deposition.  Pollutants  falling  on  plant  surfaces  from  wet  deposition 
are  washed  off  the  plant  and  incorporated  into  the  soil. 

VSDF  =  Vegetable  surface  deposition  factor  (m2s/kg). 

In  calculating  the  average  pollutant  concentration  from  surface  deposition,  exposure 
duration  was  adjusted  using  a  factor  of  2/70.  This  factor  is  based  on  the  assumption  that 
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pollutant  deposition  resulting  from  the  2  years  of  facility  operation  is  averaged  over  a  70- 
year  lifetime. 

The  VSDF  is  calculated  according  to  the  following  equation  (Holton  et  al.,  1984): 

VSDF  =  r  (1  -  ektl 
Yk 

Where: 

r  =  Interception  fraction  of  the  plant  (unitless)  (Baes  et  al.,  1984). 
k  =  Total  rate  constant  for  degradation  process  (s'1)  (Baes  et  al.,  1984). 
t  =  Growing  time(s)  (Ells,  1990). 

Y  =  Plant  yield  (wet  weight)  (kg/m2)  (Ennis,  1990). 

The  interception  fraction  refers  to  that  fraction  of  the  airborne  material  falling  on  a  given 
growing  area  that  is  deposited  upon  (intercepted  by)  edible  portions  of  the  plant.  The 
interception  fractions  used  for  lettuce  (0.15)  and  tomatoes  (0.068)  are  those  computed  by 
Baes  et  al.  (1984)  based  on  a  theoretical  model  accounting  for  growth  characteristics  of  the 
plants  during  their  maturation  in  the  field. 

A  number  of  degradation  processes  can  affect  the  final  concentrations  of  pollutants 
deposited  on  plant  surfaces.  These  include  weathering  (mainly  washoff  by  precipitation), 
volatilization,  and  photolysis.  This  analysis  considered  only  weathering  as  a  potential 
mechanism  for  loss  of  surface-deposited  contamination.  It  was  assumed  that  pollutants  would 
remain  sorbed  to  ash  particles;  therefore,  only  negligible  amounts  would  undergo  either 
volatilization  or  photolysis.  Thus,  the  total  rate  constant  for  degradation  processes  (k)  would 
be  equal  to  the  weathering  loss  removal  constant  (k^).  The  weathering  removal  loss 
constant  was  calculated  as  follows  (Baes  et  al.,  1984): 

ln2 

1^  =  -  =  5.78  x  10’7  s'1 

half-life 
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A  half-life  of  14  days  (1.2  x  106  seconds),  the  value  used  by  the  U.S.  Nuclear  Regulatory 
Commission  for  particles  (NCRP,  1984),  was  considered  to  be  average  for  ash-bound 
pollutants.  To  be  conservative,  it  was  assumed  in  this  assessment  that  no  attenuation  of 
surface  contamination  (e.g.,  by  washing)  takes  place  between  the  time  the  vegetables  are 
harvested  and  eaten.  The  amount  of  a  pollutant  that  can  be  removed  by  washing  is  highly 
variable,  depending  partially  on  the  extent  the  pollutant  is  sorbed  to,  or  can  penetrate,  the 
leaf  (e.g.,  only  about  10%  of  benzo(a)  pyrene  deposited  on  tomatoes  and  lettuce  can  be 
removed  by  cold  water  washing)  (EPA,  1980). 

Growing  times  for  vegetables  in  the  area  surrounding  RMA  were  estimated  to  be 
approximately  45  days  (3.89E+06  seconds)  for  tomatoes  from  fruit  set  until  harvest  and  65 
days  (5.62E+06  seconds)  for  lettuce  from  initial  leaf  formation  to  harvest  time  (Ells,  1990). 
Average  crop  yields  for  the  RMA  area  were  estimated  to  be  approximately  1.34  kg/m2  and 
1.58  kg/m2  for  tomatoes  and  lettuce,  respectively  (Ennis,  1990). 

The  concentrations  of  pollutants  in  lettuce  resulting  from  surface  deposition  are  summarized 
in  Tables  8B-8  through  8B-13  for  the  three  exposure  scenarios.  The  concentrations  of 
pollutants  in  tomatoes  resulting  from  surface  deposition  are  summarized  in  Tables  8B-14 
through  8B-19  for  the  three  exposure  scenarios. 

8B.2.2  Plant  Uptake  of  Pollutants  bv  Tomatoes  and  Lettuce 


The  accumulation  of  pollutants  in  edible  parts  of  plants  as  a  result  of  uptake  from  the  soil 
is  dependent  on  two  processes:  root  absorption  and  translocation  to  the  edible  portion. 
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Maximum  Pollutant  Concentration  in  Lettuce,  and 
Adult  and  Child  Daily  Intake  at  the  Resident-B  Location 
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In  the  case  of  the  carrot,  which  is  a  modified  taproot,  the  translocation  distance  is  minimal, 
and  the  concentration  predicted  for  the  edible  portion  is  essentially  the  root  concentration 
(see  preceding  subsection).  In  the  case  of  tomatoes  and  lettuce,  where  the  edible  portions 
(leaves  in  lettuce,  fruit  in  tomatoes)  are  above  ground,  the  potential  for  transport  from  the 
roots  to  the  aerial  portions  of  the  plant  also  has  to  be  considered. 

The  pollutant  concentration  (Cu)  in  the  edible  portions  of  tomato  and  lettuce  plants 
resulting  from  uptake  from  the  soil  is  expressed  by  the  following  equation: 

Cu  (mg/kg)  =  Pollutant  concentration  in  soil  (mg/kg)  x  PUF 

Where: 

PUF  =  Plant  uptake  factor  (unitless). 

The  potential  for  the  translocation  of  pollutants  to  aboveground  plant  parts  varies 
considerably  with  the  nature  of  the  pollutant  and  the  plant.  The  subsection  that  follows 
addresses  the  translocation  potentials  for  the  pollutants  of  concern  and  derives  uptake 
factors  for  those  that  might  potentially  accumulate  at  significant  concentrations. 

Organics 

Travis  and  Arms  (1988)  presented  the  following  relationship  between  the  log  Kow  and  the 
plant  uptake  factor: 

-058 

PUF  =  38.9 

The  uptake  factors  calculated  by  using  the  preceding  equation  were  converted  from  dry 
weight  to  wet  weight  by  assuming  that  lettuce  and  tomatoes  have  water  contents  of  95  and 
94%,  respectively  (Baes  et  al.,  1984). 
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The  calculated  PUFs  for  the  pollutants  of  concern  are  presented  in  Tables  8B-8  through  SB- 

13  (lettuce)  and  Tables  8B-14  through  8B-19  (tomatoes). 

Inorganics 

The  potential  for  the  translocation  of  inorganics  from  roots  to  the  aerial  parts  of  the  plants 
is  influenced  by  numerous  factors.  These  include  the  presence  of  chelating  ligands 
(carriers),  pH,  oxidation-reduction  state,  competing  cations,  hydrolysis,  polymerization,  and 
the  formation  of  insoluble  salts  (Kabata-Pendias  and  Pendias,  1985).  However,  a  general 
distinction  can  be  made  between  those  inorganics  that  are  easily  translocated  and  those  that 
tend  to  remain  in  the  roots. 

The  uptake  factors  used  for  the  inorganic  compounds  in  tomatoes  are  based  on  transfer 
coefficients  developed  by  Baes  et  al.  (1984)  for  fruit.  Tomatoes,  although  commonly 
referred  to  as  vegetables,  are  actually  fruit.  The  uptake  factors  used  for  inorganics  in  lettuce 
are  based  on  the  transfer  coefficients  developed  by  Baes  et  al.  (1984)  for  vegetative  parts 
of  plants,  since  the  edible  parts  of  the  lettuce  are  the  leaves.  The  coefficients  developed  by 
Baes  et  al.  (1984)  were  converted  from  dry  weight  to  wet  weight  by  assuming  that  lettuce 
and  tomatoes  have  water  contents  of  95  and  94%,  respectively.  The  uptake  factors  for  the 
inorganic  compounds  are  presented  in  Tables  8B-8  through  8B-13  (lettuce)  and  Tables  SB- 

14  through  8B-19  (tomatoes). 

Average  concentrations  of  pollutants  in  lettuce  and  average  daily  intakes  are  summarized 
for  the  adult  and  child  for  the  Resident-A,  Resident-B,  and  the  Farmer  exposure  scenarios 
in  Tables  8B-8,  8B-9,  and  8B-10,  respectively.  Maximum  lettuce  concentrations  and 
maximum  daily  intakes  are  presented  in  Tables  8B-11,  8B-12,  and  8B-13.  Average 
concentrations  of  pollutants  in  tomatoes  and  average  daily  intakes  are  summarized  for  the 
adult  and  child  for  the  Resident-A,  Resident-B,  and  Farmer,  exposure  scenarios  in  Tables 
8B-14, 8B-15,  and  8B-16,  respectively.  Maximum  tomato  concentrations  and  maximum  daily 
intakes  are  presented  in  Tables  8B-17,  8B-18,  and  8B-19. 
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VOLUME  II 


APPENDIX  8C 

METHODOLOGY  FOR  DETERMINING  POLLUTANT  UPTAKE 
THROUGH  MILK  AND  BEEF  CONSUMPTION 

8C.1  INTRODUCTION 

The  calculation  of  pollutant  intakes  via  the  consumption  of  dairy  and  beef  products  involves 
a  number  of  steps: 

•  Calculation  of  the  pollutant  concentration  in  locally  grown  cattle  feed 
resulting  from  surface  deposition  and  uptake  from  contaminated  soil. 

•  Calculation  of  the  concentration  of  the  pollutant  in  the  products  (milk,  beef). 

•  Prediction  of  daily  intake  of  dairy  and  beef  products  by  humans. 

This  appendix  will  address  all  of  these  issues. 

8C.2  CONCENTRATIONS  RESULTING  FROM  PLANT  UPTAKE 

The  methodology  used  in  calculating  pollutant  concentrations  in  cattle  feed  through  plant 
uptake  from  soil  was  the  same  as  that  described  for  garden  vegetables,  and  is  described  by 
the  equation: 

Cp*»  =  (C„,)  (PUF) 

Where: 

Cpiant  =  Pollutant  concentration  in  plant  resulting  from  root  uptake  (mg/kg). 

Qoii  =  Pollutant  concentration  in  soil  (mg/kg). 
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PUF  =  Plant  uptake  factor,  the  ratio  between  pollutant  concentration  in  soil 
and  plant  (unitless). 

It  was  assumed  that  hay,  grain,  and  corn  are  grown  in  fields  that  are  regularly  tilled; 
therefore,  soil  pollutant  concentrations  were  based  on  a  20-cm  mixing  depth.  The 
contaminant  soil  concentrations  are  based  on  deposition  at  the  Farmer  scenario  location 
over  the  2-year  life  of  the  incinerator  and  are  calculated  as  described  in  Appendix  8A 
As  discussed  in  Subsection  8.1.1,  for  all  scenarios,  a  farm  is  assumed  to  be  located  in  the 
area  of  highest  deposition  and  air  concentration  where  cows  were  observed  grazing. 

8C.2.1  Inorganics 

Plant  uptake  factors  were  derived  for  antimony,  arsenic,  beryllium,  cadmium,  copper,  and 
mercury.  These  are  the  inorganics  that  have  been  identified  as  contributing  greater  than 
1%  of  background  concentrations,  or  are  potential  oral  carcinogens. 

The  uptake  factors  that  were  used  for  antimony  in  com  silage  and  hay  were  derived  by 
dividing  the  antimony  concentrations  that  have  been  reported  in  com  grain  and  grass, 
respectively,  by  a  mean  concentration  for  antimony  reported  in  soils  (Kabata-Pendias  and 
Pendias,  1985).  A  transfer  coefficient  developed  by  Baes  et  al.  (1984)  for  reproductive 
portions  of  plants  was  used  as  the  uptake  factor  for  antimony  in  grain. 

The  arsenic  uptake  factors  for  grain  were  based  on  data  reported  for  barley  grain, 
(Kabata-Pendias  and  Pendias,  1985).  The  uptake  factors  for  arsenic  by  hay  and  com  are 
presented  in  NRCC  (1978). 

A  transfer  coefficient  developed  by  Baes  et  al.  (1984)  for  reproductive  portions  of  plants 
was  used  as  the  uptake  factor  for  beryllium  in  grain  and  com  silage.  Baes  et  al.  (1984) 
also  developed  a  transfer  coefficient  for  vegetative  portions  of  plants  for  beryllium,  which 
was  used  as  the  uptake  factor  for  hay. 
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The  cadmium  uptake  factor  for  grain  was  based  on  data  reported  for  barley  grains 
(Kabata-Pendias  and  Pendias,  1985).  A  transfer  coefficient  developed  by  Baes  et  al. 
(1984)  for  the  vegetative  portions  of  plants  was  used  as  the  uptake  factor  for  hay  and 
pasture  grass;  and  a  transfer  coefficient  developed  for  the  reproductive  portions  of  plants 
was  used  for  com  silage. 

For  copper,  uptake  factors  in  hay  and  grain  were  based  on  data  reported  for  pasture 
herbage  and  barley  grain,  respectively  (Kabata-Pendias  and  Pendias,  1985).  An  uptake 
factor  for  com  silage  was  derived  by  dividing  the  mean  copper  concentration  in  com 
grain  by  a  mean  soil  concentration  (Kabata-Pendias  and  Pendias,  1985). 

Uptake  factors  for  mercury  in  com  silage  and  hay  were  derived  by  dividing  the  mean 
mercury  concentration  in  com  grain  and  alfalfa  by  a  mean  mercury  concentration  in  soils 
(Kabata-Pendias  and  Pendias,  1985).  A  transfer  coefficient  for  mercury  developed  for 
the  reproductive  parts  of  plants  was  used  as  an  uptake  factor  for  mercury  in  grain  (Baes 
et  al.,  1984). 

The  uptake  factors  are  presented  in  Tables  8C-1,  8C-2,  and  8C-3  for  grain,  hay,  and  com 
silage,  respectively,  along  with  pollutant  concentrations  for  these  feeds. 

8C.2.2  Organics 

Plant  uptake  factors  for  organic  compounds  were  calculated  using  the  same  methodology 
as  that  described  for  tomatoes  and  lettuce,  and  are  expressed  by  the  following  equation 
developed  by  Travis  and  Arms  (1988): 

PUF  =  38.9  C38 
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8C.3  CONCENTRATION  FROM  SURFACE  DEPOSITION 

Surface  deposition  was  evaluated  for  com  silage  and  hay.  Since  grain  is  protected  by  a 
husk,  deposition  was  not  evaluated  for  grain.  The  concentrations  of  pollutants  in  cattle 
feed  resulting  from  surface  deposition  (Cd)  were  calculated  using  equations  similar  to 
those  used  for  lettuce  and  tomatoes  in  Appendix  8B: 

Qj  =  (DR)(SDF) 

(maximum) 

Cd  =  (DR)(SDF)(2/70) 

(average) 

Where: 

DR  =  Pollutant  dry  deposition  rate  (mg/m2s).  This  includes  only  dry 

deposition.  Pollutants  falling  on  plant  surfaces  from  wet  deposition 
are  washed  off  the  plant  and  are  incorporated  into  the  soil. 

SDF  =  Surface  deposition  factor  (m2s/kg). 

In  calculating  the  average  pollutant  concentration  from  surface  deposition,  the  factor  of 
2/70  accounts  for  the  2  years  of  pollutant  deposition  from  the  facility  that  would  occur 
over  a  70-year  lifetime  of  an  individual. 

The  surface  deposition  factor  was  calculated  using  the  following  formula  (Holton,  1984): 

SDF  (m2s/kg)  =  r  (T-ekt> 

Yk 


Where: 

r  =  Interception  fraction  of  the  plants  (unitless)  (Baes  et  al.,  1984). 
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k  =  Total  rate  constant  for  degradation  processes  (s'1)  (Baes  et  al.,  1984) 
t  =  Growing  time  (s)  (Ron  Jepson,  Adams  County  Agricultural  Extension 
Agency,  Personal  Communication,  1990). 

Y  =  Plant  yield  (dry  weight)  (kg/m2). 

Pollutant  concentrations  were  determined  in  terms  of  dry  weight.  The  dry  weight 
productivity  factors  (plant  yields)  that  were  used  were  based  on  information  from  Ron 
Jepson  (Adams  County  Agricultural  Extension  Agency,  Personal  Communication,  1990). 
The  plant  yield  used  for  hay  (0.35  kg/m2)  was  based  on  one  crop  of  alfalfa  hay.  The 
plant  yield  for  one  crop  of  com  silage  was  assumed  to  be  1.80  kg/m2. 

An  interception  fraction  for  hay  was  calculated  using  the  following  formula  (Baes  et  al., 
1984): 


Interception  fraction  =  1  -  e^'2-88Y) 

Where: 

Y  =  Productivity  in  dry  weight  (kg/m2). 

Using  the  preceding  productivity  factor,  an  interception  fraction  of  0.635  was  obtained 
for  hay.  An  average  interception  fraction  of  0.44  was  used  for  com  silage  (Baes  et  al., 
1984). 

As  in  the  case  of  vegetable  produce,  only  weathering  was  considered  as  a  source  of 
pollutant  loss.  The  derivation  of  the  weathering  loss  constant,  5.78  x  10'7s'\  is  discussed 
in  Appendix  8B. 
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A  growing  time  of  4.5  weeks  (2.72E+06  seconds)  was  assumed  for  one  crop  of  alfalfa 
hay,  and  130  days  (1.12E+07  seconds)  for  one  crop  of  com  silage  (Ron  Jepson,  Adams 
County  Agricultural  Extension  Agency,  Personal  Communication,  1990). 

For  the  Resident-A,  Resident-B,  and  Farmer  scenarios,  it  was  conservatively  assumed 
that  all  hay,  com,  and  grain  fed  to  the  cattle  were  grown  at  the  farm  location.  As 
discussed  in  Subsection  8.1.1,  for  all  scenarios,  a  farm  is  assumed  to  be  located  in  the 
area  of  highest  deposition  and  air  concentration  where  cows  were  observed  grazing. 

8C.4  ESTIMATE  OF  POLLUTANT  UPTAKE  BY  CATTLE 

It  was  assumed  that  dairy  cattle  consume  22.45  kg  (dry  weight)  of  feed  per  day,  and  beef 
cattle  consume  13  kg  (dry  weight)  of  feed  per  day  (Dr.  Tim  Stanton,  Colorado  State 
University,  Personal  Communication,  1990).  It  was  assumed  that  in  the  Rocky  Mountain 
Arsenal  area,  a  dairy  cow’s  average  diet  consists  of  55%  grain,  17.5%  com  silage,  17.5% 
hay,  and  10%  protein  supplement.  The  average  diet  of  beef  cattle  consists  of  80%  grain, 
5%  com  silage,  5%  hay,  and  10%  protein  supplement  (derived  from  information 
provided  by  Dr.  Tim  Stanton,  Colorado  State  University,  Personal  Communication, 
1990).  It  was  assumed  that  protein  supplement  is  not  exposed  to  pollutants  in  the  area, 
and  thus  does  not  contribute  to  pollutants  that  cattle  receive  through  their  diet. 

In  addition,  although  some  cattle  in  the  area  may  graze,  lactating  dairy  cattle  and 
finishing  stock  do  not  graze,  and  thus,  pasture  grass  and  incidental  soil  ingested  while 
grazing  will  not  be  evaluated. 

The  average  pollutant  concentration  in  the  feed  from  all  sources  was  calculated  using  the 
following  general  equation: 

Cfeed  [(^-"hay  ^^hay)  (^corn  ^  Decora)  (^grain  ^  ^^grain)]/^^feed 
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Where: 

Qeed  =  Pollutant  concentration  in  cattle  feed,  mg/kg. 

Chay  =  Pollutant  concentration  in  hay,  mg/kg. 

DIhay  =  Daily  intake  of  hay,  dry  weight,  kg/day. 

Ccom  =  Pollutant  concentration  in  com  silage,  mg/kg. 

DIcom  =  Daily  intake  of  com  silage,  dry  weight,  kg/day. 

Cgrain  =  Pollutant  concentration  in  grain,  mg/kg. 

Digram  =  Daily  intake  of  grain,  dry  weight,  kg/day. 

DIfeed  =  DIhay  +  DIcom  +  DI^iH,  kg/day. 

The  calculated  average  dairy  cattle  feed  pollutant  concentrations  are  presented  for  the 
Resident-A  and  Resident-B  scenarios  in  Table  8C-4,  and  for  the  Farmer  scenario  in 
Table  8C-5.  The  maximum  dairy  cattle  feed  pollutant  concentrations  are  presented  in 
Tables  8C-6  and  8C-7.  The  calculated  average  beef  cattle  feed  pollutant  concentrations 
are  presented  in  Tables  8C-8  and  8C-9,  and  the  maximum  beef  cattle  feed  pollutant 
concentrations  are  presented  in  Tables  8C-10  and  8C-11. 

8C.5  CALCULATION  OF  THE  POLLUTANT  CONCENTRATION  IN  FARM 
PRODUCTS 


The  pollutant  concentration  in  beef  and  dairy  products  resulting  from  ingestion  of  hay, 
grain,  and  com  silage  by  beef  and  dairy  cattle  is  calculated  as  follows: 

Cproduct  =  Cdiet  X  DUF 
Where: 

^product  =  Pollutant  concentration  in  farm  product  (milk,  beef)  (mg/kg). 

Qiet  =  Average  pollutant  concentration  in  total  animal  diet  (mg/kg). 
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Average  Pollutant  Concentration  in  Milk  for  the  Farmer  Scenario 
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Maximum  Pollutant  Concentration  in  Milk  for  the  Farmer  Scenario 
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Average  Pollutant  Concentration  in  Beef  for  the  Resident-A  and  Resident-B  Scenarios 
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Table  8C-11 

(Continued) 
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DUF  =  Diet  uptake  factor,  pollutant  concentration  ratio  between  farm 
product  and  feed.  Specific  to  pollutant  and  product  (unitless). 


8C.5.1  Dioxins 

The  DUFs  for  dioxin  were  taken  from  current  research  that  has  investigated  the 
feed/product  pollutant  relationship.  Fries  and  Paustenbach  (1990)  reported  a  steady- 
state  transfer  ratio  for  dioxin  of  5-to-l  between  milk  fat  and  dairy  feed  (dry  weight),  and 
between  beef  fat  and  cattle  feed  (dry  weight).  These  DUFs  were  used  to  calculate 
dioxin  concentrations  in  milk  fat  and  beef  fat. 


8C.5.2  Other  Pollutants 


Concentrations  for  inorganics  as  well  as  all  other  organics  were  calculated  in  milk  and . 
beef.  The  DUFs  for  these  pollutants  were  calculated  by  multiplying  transfer  coefficients 
(day/kg)  by  the  daily  feed  intake,  22.45  kg/day  (dairy  cattle),  and  13  kg/day  (beef 
cattle).  Transfer  coefficients  (TC)  for  the  organics  were  derived  using  equations 
developed  by  Travis  et  al.  (1988): 


TC, 


milk 


10(-8.09  +  LogKow) 


TCbeef  =  10<-76  +  U)gK°w> 


The  log  KqW  can  be  found  in  Appendix  8B,  Table  8B-1. 

Transfer  coefficients  for  the  inorganics  were  identified  by  Baes  et  al.  (1984)  for  dairy  and 
beef  cattle. 

The  calculated  pollutant  concentrations  in  milk  and  milk  fat  as  well  as  daily  intakes  are 
summarized  in  Tables  8C-4  and  8C-5  (average  levels)  and  Tables  8C-6  and  8C-7 
(maximum  levels).  Beef  and  beef  fat  pollutant  concentrations  and  daily  intakes  are 
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summarized  in  Tables  8C-8  and  8C-9  (average  levels)  and  Tables  8C-10  and  8C-11 
(maximum  levels). 
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Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Adult,  Resident-A  Scenario 
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Annual  average  soil/dust  ingestion  rate  (100  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (70  kg) 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Adult,  Resident-B  Scenario 


Hi  <u 

H-  >-  UJ  T> 

O  2E  <  0> 
HI  *-  <  I-  ^ 
►-  O  Z  "v, 
00  w  D) 

U4  e 


^£^£Lnojr\Jojm'Oc\,rof\JroLnLnrO'OmrONO'— 

LLI  LLI  LLI  LLI  LLI  LLI  LI  J  11 J  in  tn  Ml  III  111  III  in  1 1  I  HI  in  III  HI  III  III  III  111  Ml  til  HI  UJ  in 

IT!£JS'fi£SS£PlO*rrypo:Pf0ir‘in!!rP^'o™*-'Coc\j<\iroc\]vog.o 

(Mnc0'0O(\jw%i,'0>0'J,N*«4,'^inc0Simn«-inm>0N>fC0O0'«“ 

«-«-t\j(\nn«-*-r\joD«-**-T^«-^rc\im(\j>jhJ^^^c\jcdcvi>o^'sfT^ 


o  _j  o  —  : 
CO  3  Z  O  1 

uo  w 

U-IU 


I-  >-  UJ  -D 

~  <  -J  "-s. 

a  e  «-  <  O) 

in  «  <  i-  ^ 
f-  O  Z 

co  •—  cn 

LU  E 


0'0'0"0'0NOO'0N'0S(>0l>^O^NO'0f-OOOC00'0'in00 
OOOOOO*— *— OOOOOOOT— oo»— o*— T-OOOOOOO 

UlLULULULULULULULUUILUUJLULULUUILULULULULULUUJUJLUllJLUtULU 

Oforu^Ninor-fMroonor-coNONO'Oj'OT-noocoooco 

'ONOOOlAO"ONOT-0(NJOr-NOCOr-(MCOO(\ICOr-NN>J>tO 


cooc\j«-rococo«->o* 


■r-«-ro«-stf-rotnN» 


NfON 


'd-'j-mNN(MinvOMM<\JroininM'Oinm>Or-K>oininsMn'sjT*M 

«“  « —  « —  «“  r-  «—  t—  r-  r*  t —  t-  t —  t—  r—  r*  r-  r-  r*  r-  t —  r-  r-  r-  r-  r—  r-  t — 
LJLUL1JLiJllillillilijli-I  lu  iii  in  m  m  iii  iii  in  iii  ii)  1 1 1  n;  nj  m  ;  f  i  u;  in  iii  pi  iji 

t-Ovj(\jf\i'Ot-«-coo«“'s)-f-0'T-(\i'0'OirioO'»~coocMO'4'r'jco 

f\jrocO'Coojfvjsjh^xO'^N>tfOinN^NfNt«-sMnintnf^K.oO'0 

'r*-«r-(\jrvjm'c--«— fNjco«— »—t— «— * — ;tr\3c0f\i'O*--'<j‘»— 


h-  ■—  O) 

—  <  -4  ^ 

O  -J  U  «  I  s, 

CO  3  Z  O  «-  1“ 

u  o  w 

CJ>  _J  CJ 


~  2 


®;®:SSSt:00St:t:t:0St:0(>',vo,<>'r‘00'0'®0'0'‘"to 

oooooo«— oooo*— oot—oo«— o«—<— ooooooo 

m  LU  LLI  LLI  LU  LLI  tu  IU  LU  LU  HI  HI  111  in  til  III  HI  II)  III  III  III  ill  III  m  HI  Ml  III  HI  HI 

S'OO'KJr'C'JSO'JtMvOfM'OS-'O^'OMOJr-vfvOt-r-N.r-OisfN 

*^Otooineo*H»»^flOc>Jcooi^ocO'-ruh.o*-coo*h.cNi*in 
coo>-»— ^-rococo*— lh<— romS-t— isot— so«-'<rh-ro!s^ 


c  c 
o  — 

to  4-»  t_ 

o  o  "O 
— ■  o  — 
z  <  < 
< 

CD 

ad 

o 


f 


<D  N 
U  C 
+j  a> 
<  m 


<D 

«d2 

§g 


>■  >- 

— »  C  <D  (0 
>•  <U  _E  _E 

S  Q. 

.C  —  C  C  C 

Q— D  a>  O  (0 

Co—  —  O  -C  _C  l— 

<o<  L  <DJ2  L  aa  3 

£_  -M— *0000  M- 

3  O  —  O  £ - *  £_  £_  tu  |—  o 

%*zt—  c  N  O  -C  O  OQQ  ISI 
O  O  O  (0  — *  O  — -  — *  Q  Q  C 

N  N  N  .Q  _C  i  JZ  xz  *  .  a 

CCCt-O-4-CJOQ.  Q .SI 

<U  Q>  <1>  (D  •  -  •  •  -  *.'P- 

efl£DMONtst^>t  a.  Cl  a 


to 

c 

o 

JC 

Q. 

CO 

O 


CO  CO 
C  u_ 
O  LU 


TJ  O 


_  Q_ 

0.0  C0< 
—■*  C  O  Q_ 
>,  <u  ^  lu 

-C  N  Q.V-* 

■M  C  — * 

<1)  CD  >h  CO 
=£1-0  4=  C 


CD  CD 

c  a 
cu  o 

N  — * 

c  o 

a> 

si  o 

o  o 

£—  t_ 

o  o 

cr*c*£ 

—  O  O  C-. 

£-  co  to  *o 
*o  x  x  o 

C  CD  O  CO 

ooo*-aooLu:r=c~ 


— <  *-*  CD 
— •  >>  O  i- 
>.JC  Z  3 
Q.  +J  u- 
O  OJ-*S  o 
U  E  >  CO  c 

cl—  r  c  o 
o  o  +-*  —  — 
co  ■  a>  x  jz 
o  o  —  ro  E  o  4-* 


cl  c 
o  — 


o 

c 

cd 

g-fi. 

2  82 
+-»  CO  -M 
CD  4=  ■  — 
— '  -M  Z 
CD  <U  i 

Z2>t 


8D-3 


815C/A8d.51  6/24/91 


VOLUME  II 


CNjCNjforororoMroroinLrY^^OiniQ^O  g^£ 

nr  hi  hi  hi  mi  iii  ih  m  uj  lli  lli  lu  LLI  LU  LU  LLI  LU  LLI 

SNimmAfOtncMn-<rocoroir|^^ 

fvjfviLninin'OinoinNj,OPO«-'t'ON 

«—T-c\jif\jt\jr^-cviLnfM^— rOf— O-<t»“C0  «-«- 


SNSNSSNSSO>0^'00(M>>0  fO  O' 

O00000000000«-00v-  ©  © 
III  ill  III  II)  III  ID  Ml  Ml  III  III  111  lit  n ]  LI J  LLI  LLI  LU  LU 

cocooocooo<rcoN-co<c::rninO'-Lnr\i  ^ 

cocoNSSfoNinNoS.or\jT“r-r-  tn  **j 
coco*— in«— m«— *--CM0'«Nj-m«--'0  co 


CMCMrorOK>roroporoinin*-'Oinm'0  £ 

i-r-r-t-i-T-r-r-r-i-T-r-T-i-r-r-  O  «" 

UJ  Ul  II)  HI  LLI  1 1 1  til  HI  III  III  111  Ml  UJ  LU  Ul  LU  LU  UJ 
LO  m  *-  «—  CM  *—  CM«” CM*sJ-%0*J*OCM«—  J£5  ^ 
CNJNimrnmnLTsOin^oOfnofO'O'O  oo«- 


Q  <U 

s  g 

S  c 

«  R 
H  vS 


*-<—CMCMCMN-rMinCM' 


-  NO  sS-  r-  00  T— 


SSSSSSSNSOO'OOO'OO  PO  o 

ooooooooo*— oo*-oo«—  oo 

m  iii  iii  iii  iii  iii  hi  in  nt  in  m  ill  1 1 1  hi  UJ  m  LU  LU 
i/un'0'0'0'0'0'~'OPOO'»”f,oNrorir;  o  o 
l^^r^N.N-CVlN.lTkl^Oj'OlfjCVJO^O  CM  © 

co  cd  in  *-  po  *—  Chwaspror-'io  *—  co 


0) 

c 

<u 

o 

CO 


c 

a>  cd 

— >  c 

<0  <D 
_C  JZ 
■M  4-> 
JZ  JZ 
CL  cl 
CO  CO 

c  c 

CD  0> 
o  o 
W  <  < 


CL  CO 
CD  w 
CO  c  o 

^  CD  P'4 

owe 

£2r.8 

CD  XZ  ■■ - *  — * 


CD 

CD 

C 

C 

CD 

CD  CD 

CD 

N 

N  C 

C 

C 

C  <D 

CD 

CD 

CD  N 

tm, 

_Q 

XI  C 

CD  jC 

O 

O  CD 

C  C  -M 

CO  CD  C  CD  C  O 

L  L  10  CO—' 

o  o  c  o>  •—  -c 

D  D  CD  C-_C  O 

>»  4-»  CO 


u  _Q 
o  o 

£  JC  o 

'  CO  o  — « 

o  c 


CM  **“  PO  CM  CO  CM  CM 

i-T-r-rOfp- 
i  i  i  •  i  i  i 
HI  HI  III  III  III  HI  III 

O  O  NO  m  CM  CO  O' 

cm  po  o  cm  o  in 


lit  III  HI  III  III  III  111 

t-  cn  o  cm  m  in  cm 
so  o  to  vs-  in  co  in 

O'  O'  CO  CM  CM 


CM  «-  fO  CM  CO  CM  CM 
r-  tr-  r-  p-  O  t" 

HI  III  HI  IH  III  HI  ill 

'OCOr-OOW'd- 
cm  cm  ro  o  cm  o  in 

CM  «-  «-  CM  ^  PO 


in  1 1 1  1 1 1  1 1 1  1 1 1  it  i  m 

CO  'O  N  O  O  «—  CO 

ino»-'<r'd-cOM- 

v“  CO  O'  < —  00  CM  CM 


CO  U  O  li-  L-  D.  CL  CO  4-J  c  C  QC-  CjCOQ  •— • 

“■  L  c  0.4-»  ■—  CD  Q.  Z  -M 


(5(Dj:33(DLL<0 
Q.Q.Q.  O 


CO-E  >. 

O  - -  3  c-  L. 

<J  E  C  — CD  3 

cd  >-e  Q-*0  O 

CO  L’D  Q.CD  L 

_CC-<DC0O<DO 
U<<0QOU  J£ 
OS 


8D-4 


Annual  average  soil/dust  ingestion  rate  (100  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (70  kg) 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Adult,  Farmer  Scenario 
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Annual  average  soil/dust  ingestion  rate  (100  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (70  kg) 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Adult,  Worker  Scenario 
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Annual  average  soil/dust  ingestion  rate  (100  mg/day) 
Exposure  frequency  (225  days/year) 

Body  weight  (70  kg) 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Child,  Resident-A  Scenario 
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Annual  average  soil/dust  ingestion  rate  (200  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (15.5  kg) 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Child,  Resident-B  Scenario 
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Annual  average  soil/dust  ingestion  rate  (200  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (15.5  kg) 


Average  and  Maximum  Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Soil/Dust  Ingestion  Route  of  Exposure 
Child,  Farmer  Scenario 
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Annual  average  soil/dust  ingestion  rate  (200  mg/day) 
Exposure  frequency  (365  days/year) 

Body  weight  (15.5  kg) 
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APPENDIX  8E 

CALCULATION  OF  THE  ESTIMATED  DAILY  INTAKE 
FOR  THE  FISH  INGESTION  ROUTE  OF  EXPOSURE 

The  accumulation  of  substances  in  fish  tissue  involves  the  processes  of  bioconcentration  and 
biomagnification.  The  bioconcentration  of  pollutants  generally  refers  to  the  uptake  of 
pollutants  from  water,  primarily  through  passive  transport  across  the  gill  membrane.  Thus, 
the  bioconcentration  factor  (BCF)  describes  the  equilibrium  between  the  pollutant 
concentration  in  the  fish  tissue  and  the  pollutant  concentration  in  the  water. 
Bioaccumulation  is  similar  to  bioconcentration,  however,  bioaccumulation  is  a  broader  term 
that  describes  the  uptake  from  both  food  and  water  (Clark  et  al.,  1988).  Biomagnification 
takes  into  account  the  relationship  between  the  pollutant  concentration  in  the  fish  tissue  and 
the  trophic  transfer  of  pollutants.  Thus,  biomagnification  refers  to  the  accumulation  of 
pollutants  due  to  uptake  of  food  through  the  food  chain.  Few  data  are  presently  available 
to  verify  pollutant  uptake  specific  to  biomagnification.  Current  investigations  are  attempting 
to  address  the  contribution  of  biomagnification  to  total  bioaccumulation  (Connoly  and 
Pedersen,  1988;  McKay  et  al.,  1986;  Stevens,  1988).  Most  of  the  results  are  highly 
speculative. 

Tissue  pollutant  concentrations  increase  until  the  rate  of  excretion  is  equal  to  the  rate  of 
uptake  (i.e.,  a  state  of  equilibrium  is  reached).  At  such  a  time,  the  body  burden  (fish  tissue 
concentration)  may  be  many  times  the  concentration  in  the  water.  The  BCF  represents  the 
ratio  of  pollutant  concentration  in  tissue  to  the  pollutant  level  in  water  at  equilibrium. 

BCFs  were  obtained  for  the  pollutants  of  concern  using  the  following  procedure: 

•  The  first  step  was  to  use  BCFs  currently  recognized  by  the  Environmental 
Protection  Agency  (EPA)  for  those  pollutants  of  concern  where  available 
(EPA,  1989,  1987,  1986). 
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•  If  a  BCF  was  not  available  through  the  EPA,  additional  sources  (Verschueren, 
1983;  and  Lyman  et  al.,  1982)  were  searched  for  BCFs. 

•  For  those  organic  chemicals  for  which  no  BCF  was  found,  a  BCF  was 
calculated  from  the  octanol-water  partition  coefficient  (K^)  and  the  soil 
adsorption  coefficient  (K^),  where  possible,  using  the  following  equations 
obtained  from  Lyman  et  al.  (1982): 

log  BCF  =  0.76  log  -  0.23 
log  BCF  =  1.119  log  -  1.579 

Where  a  BCF  was  able  to  be  calculated  from  both  a  and  a  K^,  the  most 
conservative  value  (the  highest  BCF)  was  chosen  for  the  pollutant.  The 
specified  input  range  for  Kow  and  Koc  in  the  regression  equations  is  7.9  to  8.1 
x  106  mL/g  and  <  1  to  1.2  x  106  mL/g,  respectively.  If  a  for  a  particular 
chemical  was  below  the  input  range  (7.9)  and  no  other  alternative  existed  for 
deriving  a  BCF,  7.9  was  used  to  derive  a  conservative  estimate  of  the  BCF. 


There  were  eleven  metals  (aluminum,  barium,  boron,  iron,  lithium,  magnesium, 
molybdenum,  strontium,  tin,  titanium,  and  yttrium)  for  which  BCFs  were  not  available  or 
could  not  be  derived.  However,  the  contribution  of  fish  ingestion  to  the  total  carcinogenic 
risk  varies  from  4  to  15%  for  the  various  scenarios.  In  addition,  the  hazard  index  ranges 
from  5  to  6  orders  of  magnitude  below  one.  Therefore,  even  if  the  BCFs  for  these 
chemicals  are  high,  it  is  anticipated  that  their  contribution  to  risk  would  be  minimal. 


A  summary  of  the  BCFs  used  for  the  pollutants  of  concern  is  presented  in  Table  8E-1.  This 
table  also  presents  where  the  BCFs  were  obtained  or  how  they  were  derived. 

At  best,  BCFs  are  approximations  made  through  laboratory  experiments,  field  studies, 
correlations  with  physico-chemical  factors  such  as  octanol/water  partition  coefficients,  and 
models  based  on  pollutant  biokinetics  coupled  with  fish  metabolism  (EPA,  1986).  Normally, 
bioconcentration  studies  determine  the  average  pollutant  uptake  as  a  function  of  the  entire 
fish.  However,  for  the  evaluation  of  human  exposure,  consumption  is  generally  restricted 
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Table  8E-1 

Bioconcentration  Factors  (BCFs)  Used  for  the  Pollutants  of  Concern 


Pollutant 

BCF  (L/kg) 

Derivation3 

References 

ORGANICS 

Acetonitrile 

0.06 

OR 

EPA,  1986 

Aldrin 

28 

OR 

EPA,  1986 

Atrazine 

0 

OR 

EPA,  1987 

Benzaldehyde 

8 

log  K^,  (1.48) 

Verschueren,  1983 

Benzofuran 

63 

log  (2.67) 

Verschueren,  1983 

Benzoic  Acid 

15.5 

log  K„  (1.87) 

Verschueren,  1983 

Benzonitrile 

9 

log  1^,  (1.56) 

Verschueren,  1983 

Carbazole 

186 

log  Isw  (3.29) 

Verschueren,  1983 

4-Chlorobiphenyl 

590 

OR 

EPA,  1987 

4,4-Chlorobiphenyl 

215 

OR 

EPA,  1987 

4-Chlorophenylmethylsulfone 

6 

K«  (1.26) 

Ebasco,  1990 

4-Chlorophenylmethylsulfoxide 

6 

log  V  (1.33) 

Ebasco,  1990 

p,p-DDE 

51,000 

OR 

EPA,  1986 

p,p-DDT 

54,000 

OR 

EPA,  1986 

Dibenzofuran 

796.5 

log  (4.12) 

HSDB,  1990 

Dicyclopentadiene 

31.8 

log  (2.28) 

QSAR,  1989 

Dieldrin 

5,800 

OR 

EPA,  1987 

Diisopropyl  Methylphosphonate  12 

log  K,  (1.73) 

Ebasco,  1990 

1,3-Dimethylbenzene 

159 

log  (3.20) 

Verschueren,  1983 

Dimethyl  Methylphosphonate 

2.8 

log  K,  (0.9)b 

Lyman,  et  al.,  1982 

Dioxins /Fur ans  (EPA  TEFs) 

5,000 

OR 

EPA,  1986 

Dithiane 

2.8 

log  (0.9)b 

Lyman  et  al.,  1982 

Endrin 

680 

OR 

EPA,  1987 

Hexachlorobenzene 

8,690 

OR 

EPA,  1986 

Hexachlorocyclopentadiene 

488 

OR 

EPA,  1987 

Isodrin 

52,000 

log  K„w  (6.51) 

Ebasco,  1990 

Malathion 

0 

OR 

EPA,  1987 

Methanol 

2.8 

log  (0.9)b 

Lyman  et  al.,  1982 

4-Nitrophenol 

PAHs 

96 

log  K,  (2.91) 

EPA,  1989 

Acenaphthalene 

730 

log  (4.07) 

EPA,  1986 

Acenaphthene 

242 

OR 

EPA,  1986 

Benzo(a)pyrene 

930 

OR 

EPA,  1987 

Chrysene 

23,000 

(2.0E+05) 

EPA,  1986 

Dibenzo(a,h)anthracene 

520,000 

(3.3E+06) 

EPA,  1986 
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Table  8E-1 

(continued) 


volume  n 


Pollutant 

BCF  (L/kg) 

Derivation3 

References 

Fluorene 

1,300 

OR 

EPA,  1986 

Phenanthrene 

2,630 

OR 

EPA,  1986 

Pyrene 

5,100 

log  K„  (5.18) 

EPA,  1986 

Parathion 

335 

OR 

EPA,  1987 

Phenol 

1.4 

OR 

EPA,  1986 

Quinoline 

21 

log  K™  (2.03) 

Verschueren,  1983 

Supona 

136 

log  K„  (3.11) 

Ebasco,  1990 

Trichlorobenzene 

991 

ORc 

EPA,  1987 

Urea 

2.8 

log  V  (0.9)b 

Lyman  et  al.,  1982 

Vapona 

7.0 

logK^ 

Ebasco,  1990 

INORGANICS 

Aluminum 

NTA 

— 

— 

Arsenic 

350 

OR 

EPA,  1989 

Barium 

NTA 

— 

— 

Beryllium 

19 

OR 

EPA,  1986 

Boron 

NTA 

— 

— 

Cadmium 

326 

OR 

EPA,  1979 

Chromium  (VI) 

155 

OR 

EPA,  1989 

Cobalt 

20 

OR 

Lyman  et  al.,  1982 

Copper 

1,183 

OR 

EPA,  1989 

Iron 

NTA 

— 

— 

Lithium 

NTA 

— 

— 

Magnesium 

NTA 

— 

— 

Molybdenum 

NTA 

— 

— 

Selenium 

16 

OR 

EPA,  1986 

Silver 

3,080 

OR 

EPA,  1979 

Strontium 

NTA 

— 

— 

Tin 

NTA 

— 

— 

Titanium 

NTA 

— 

— 

Vanadium 

10 

OR 

Lyman,  et  al.,  1982 

Yttrium 

NTA 

— 

— 

Zinc 

578 

OR 

EPA,  1989 
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Table  8E-1 

(continued) 


volume  n 


Kev: 


-  Soil  adsorption  coefficient 

-  Octanol-water  partition  coefficient 
NTA  -  Not  available 

OR  -  BCF  obtained  directly  from  reference 

aIf  a  BCF  could  not  be  obtained  from  the  EPA  (1989,  1987,  1986)  or  other  reference 
documents  (Lyman,  et  al.,  1982;  Verschueren,  1983),  a  BCF  was  calculated,  where 
appropriate,  using  values  listed  in  this  column  as  described  in  this  appendix. 

bBased  on  lower  limitations  of  the  regression  equation. 

‘The  average  of  the  BCFs  for  two  trichlorobenzenes  - 182  (1,2,4-trichlorobenzene),  and  1800 
(1,2,5-trichlorobenzene). 
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to  the  edible  portion  of  the  fish  (i.e.,  with  head,  tail,  and  visceral  mass  removed).  For  this 
assessment,  consumption  of  filleted  fish  was  assumed. 

The  organic  pollutants  present  in  the  fish  tissue  are  concentrated  in  lipids  (fatty  materials) 
found  in  those  tissues.  Thus,  organic  pollutant  levels  within  the  tissue  are  directly  related 
to  lipid  concentration.  A  fillet  lipid  content  of  10%  was  used  to  calculate  adult  and  child 
estimated  daily  intakes  of  organic  pollutants. 

Table  8E-2  presents  the  surface  water  contaminant  concentrations,  BCFs,  and  adult  and 
child  estimated  daily  intakes  for  the  fish  ingestion  pathway. 
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Table  8E-2 


Daily  Exposure  to  the  Pollutants  of  Concern 
Through  the  Fish  Ingestion  Route  of  Exposure 
Adult  and  Child  -  Resident-A,  Resident-B,  and  Farmer  Scenarios 


SURFACE 

ADULT 

CHILD 

WATER 

BIO.  CONC. 

ESTIMATED 

ESTIMATED 

CONCENTRAT. 

FACTOR 

DAILY 

DAILY 

mg/L 

INTAKE 

INTAKE 

mg/kg/day 

mg/kg/day 

ORGANICS 

Acetonitri  le 

1.05E-11 

0.06 

4.36E-18 

9.84E- 18 

Aldrin 

5.66E-13 

28 

1.10E-16 

2.47E-16 

Atrazine 

1.32E-12 

0 

0.00E+00 

0.00E+00 

Benzatdehyde 

2. 16E-09 

8 

1-1 9E -13 

2.70E- 13 

Benzofuran 

2.37E-09 

63 

1.03E-12 

2.33E- 12 

Benzoic  Acid 

9.63E-10 

15.5 

1.03E-13 

2.33E-13 

Benzoni tri Le 

9.87E-13 

9 

6.14E-17 

1.39E-16 

Carbazole 

5.12E-14 

186 

6.58E-17 

1.49E-16 

4-Chlorobiphenyl 

4.13E-10 

590 

1.68E-12 

3.80E-12 

4,4 -Cblorobi phenyl 

7.13E-12 

215 

1 .Gob- 14 

2.39E- 14 

4-Chlorophenylmethylsulfone 

1.19E-09 

6 

4.94E-14 

1 . 1 1E- 13 

4 - Ch l o  ropheny  L  met h  y l su l f ox i de 

1.45E-10 

6 

6.02E-15 

1.36E-14 

PiP'DDE 

6.26E- 14 

51000 

2.21E-14 

4.98E-14 

p,p-DDT 

1.92E-13 

54000 

7.17E-14 

1.62E-13 

Di benzofuran 

1.85E-11 

796.5 

1.02E-13 

2.30E-13 

D i eye l opent ad i ene 

2.34E-13 

31.8 

5. 15E-17 

1.16E-16 

Dieldrin 

1.17E-13 

5800 

4.69E-15 

1.06E-14 

Di isopropyl  Methyl phosphonate 

3.53E-10 

12 

2.93E-14 

6.61E* 14 

1 , 3 • D i methy l benzene 

1.80E-13 

159 

1.98E-16 

4.47E- 16 

Dimethyl  Methyl phosphonate 

9.59E-09 

2.8 

1.86E-13 

4.19E- 13 

Dioxins/Furans  (EPA  TEFs) 

6.53E- 16 

5000 

2.26E-17 

5.10E-17 

Dithiane 

3.89E-13 

2.8 

7.53E-18 

1.70E-1 7 

Endrin 

1.41E-13 

680 

6.63E-16 

1.50E-15 

Hexach l orobenzene 

3.86E-13 

8690 

2.32E-14 

5.24E- 14 

Hexach l orocyc l opentadi ene 

1.07E-12 

488 

3.61E-15 

8.15E-15 

Isodrin 

2.94E- 13 

52000 

1.06E-13 

2.39E-13 

Ma lath  ion 

3.83E-12 

0 

0.00E+00 

0.00E+00 

Methanol 

4.29E-08 

2.8 

8.31 E - 13 

1.88E-12 

4-Nitrophenol 

3.88E- 1 1 

96 

2.58E-14 

5.82E-14 

PAHs 

Acenaphthalene 

9.67E- 11 

730 

4.88E-13 

1-1 OE -12 

Acenaphthene 

1.13E-10 

242 

1.89E-13 

4.27E-13 

Benzo(a)pyrene 

1.10E-11 

930 

7.07E-14 

1.60E-13 

Chrysene 

1.11E-11 

23000 

1.77E-12 

3.99E-12 

Dibenzo(a,h)anthracene 

1.10E-11 

520000 

3.95E-11 

8.93E-11 

Fluor ene 

1.52E-11 

1300 

1.37E-13 

3.09E- 13 

Phenanthrene 

2.74E-11 

2630 

4.98E-13 

1.13E-12 

Pyrene 

1.16E-11 

5100 

4.09E-13 

9.24E-13 

Parathion 

1.46E-13 

335 

3.38E-16 

7.64E-16 

Phenol 

1.12E-08 

1.4 

1.08E-13 

2.45E-13 

Quinoline 

4.38E* 13 

21 

6.36E-17 

1.44E-16 

Supona 

1.21E-12 

136 

1.14E-15 

2.57E-15 

Tri chi orobenzene 

7.30E-14 

991 

5.00E-16 

1.13E-15 

Urea 

1.61E-06 

2.8 

3.1 2E “11 

7.04E-11 

Vapona 

9.57E- 12 

7.0 

4.63E-16 

1.05E-15 
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Table  8E-2 

(continued) 


INORGANICS 
Aluminisn 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium  (VI) 
Cobalt 
Copper 
Iron 
Lithium 
Magnesium 
Molybdenum 
Selenium 
Silver 
Strontium 
Tin 

Titanium 

Vanadium 

Yittrium 

Zir.c 


3.10E-09 

6.16E-10 

350 

1.40E-10 

5.84E-12 

19 

4.60E-09 

9.01E-11 

326 

1.34E-12 

155 

1-26E-10 

20 

5.48E-07 

1183 

7.61E-09 

1.75E-11 

2.27E-08 

1.76E-09 

1.58E-09 

16 

1.62E-11 

3080 

5.84E-12 

1.32E-09 

9.73E-12 

3.73E-10 

10 

3.41E-12 

2.65E-09 

578 

1.49E-11  3.37E- 11 

7.67E-15  1.73E-14 

2.03E-12  4.59E-12 

1.43E-14  3.23E-14 

1.74E-13  3.92E-13 

4.48E-08  1.01E-07 


1.75E-12  3.95E-12 

3.45E-12  7.79E-12 


2.58E-13  5.82E-13 

1.06E-10  2.39E-10 


Percent  body  lipid  in  fillet  (10%) 
Adult  fish  ingestion  rate  (4.84  g/day) 
Child  fish  ingestion  rate  (2.42  g/day) 
Adult  body  weight  (70  kg) 

Child  body  weight  (15.5  kg) 
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APPENDIX  8F 


CALCULATION  OF  THE  ESTIMATED  DAILY 
INTAKE  FOR  THE  DERMAL  ABSORPTION 
ROUTE  OF  EXPOSURE 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Adult,  Resident-A  Scenario 
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Number  of  exposure  events  per  year  (117  days/yr) 
Exposed  surface  area  (4,500  cm2) 

Skin  adherence  factor  for  soil  (0.51  mg/cm2) 

Soil  matrix  factor  (1.0) 

Body  weight  (70  kg) 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Adult,  Resident-B  Scenario 
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Number  of  exposure  events  per  year  (117  days/yr) 
Exposed  surface  area  (4,500  cm2) 

Skin  adherence  factor  for  soil  (0.51  mg/cm2) 

Soil  matrix  factor  (1.0) 

Body  weight  (70  kg) 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Adult,  Farmer  Scenario 
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Number  of  exposure  events  per  year  (195  days/yr) 
Exposed  surface  area  (4,500  cm2) 

Skin  adherence  factor  for  soil  (1.5  mg/cm2) 

Soil  matrix  factor  (1.0) 

Body  weight  (70  kg) 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Adult,  Worker  Scenario 
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Number  of  exposure  events  per  year  (195  days/yr) 
Exposed  surface  area  (3,200  cm2) 

Skin  adherence  factor  for  soil  (1.5  mg/cm2) 

Soil  matrix  factor  (1.0) 

Body  weight  (70  kg) 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Child,  Resident-A  Scenario 
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Number  of  exposure  events  per  year  (195  days/yr) 
Exposed  surface  area  (2,500  cm2) 

Skin  adherence  factor  for  soil  (0.51  mg/cm2) 

Soil  matrix  factor  (1.0) 

Body  weight  (15.5  kg) 


Average  and  Maximum  Daily  Exposure  to 
the  Pollutants  of  Concern  Through  the  Dermal  Absorption 
Route  of  Exposure 
Child,  Resident-B  Scenario 
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APPENDIX  8G 

METHODOLOGY  FOR  CALCULATING  ORGANIC  POLLUTANT 
CONCENTRATIONS  IN  MOTHER’S  MILK 

This  appendix  presents  a  discussion  of  the  methods  used  to  determine  the  organic  pollutant 
concentrations  in  mother’s  milk.  These  concentrations  are  used  in  the  calculation  of  the 
daily  intakes  of  pollutants  by  infants  through  the  consumption  of  mother’s  (i.e.,  breast)  milk. 

The  concentration  of  dioxins  in  breast  milk  was  calculated  using  the  following  equation  that 
was  developed  for  dioxins  (Smith,  1987): 


-DBMilk 


TEDI  x  fx  x  f2 
f3  x  k 


Where: 

^DBMiik  =  Concentration  of  dioxins  in  breast  milk  (mg/kg). 

TEDI  =  Total  Estimated  Daily  Intake,  the  maximum  daily  intake  of 
dioxins  by  the  mother  through  all  potential  exposure  routes 
(mg/kg/day). 

fx  =  Proportion  of  dioxins  stored  in  body  fat  (unitless). 

f2  =  Proportion  of  breast  milk  that  is  fat  (unitless). 

f3  =  Proportion  of  body  weight  that  is  fat  (unitless), 

k  =  Rate  constant  (days'1). 


The  maximum  total  estimated  daily  intake  of  the  mother  was  used  to  estimate  breast  milk 
concentrations  for  dioxins  as  well  as  all  other  organics. 
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Values  of  0.8,  0.04,  and  0.3  were  used  for  fx,  f2,  and  f3,  respectively  (Smith,  1987).  A  rate 
constant  of  3.27E-04  days"1  was  calculated  as  follows.  Assuming  a  half-life  (t1/2)  of  dioxins 
in  the  human  body  of  2,120  days  (ATSDR,  1989a): 

ln2 

k  =  _ 

*1/2 

The  equation  developed  by  Smith  (1987)  was  applied  to  the  other  organic  pollutants  of 
concern  using  available  information.  Data  were  available  on  the  half-lives  of  ten  organics 
(in  addition  to  dioxin)  in  humans  and  mammals.  A  half-life  of  8  hours  was  used  for 
acrylonitrile;  the  half-life  of  acrylonitrile  in  humans  is  reported  to  range  from  7  to  8  hours 
(ATSDR,  1989b).  A  half-life  of  3  hours  was  used  for  benzene;  the  half-life  of  benzene  in 
humans  is  reported  to  range  from  1  to  3  hours  (Baselt,  1982).  Half-lives  in  humans  of  240 
days  and  120  days  were  used  for  DDE  and  DDT,  respectively.  These  values  are  based  on 
half-lives  in  rats  of  24  days  and  12  days  for  DDE  and  DDT,  respectively  (ATSDR,  1988a). 
An  uncertainty  factor  of  10  was  applied  to  the  24  and  12  day  half-lives  to  account  for  the 
absence  of  human  data.  A  half-life  in  humans  of  45  hours  was  used  for  1,1-dichloroethene 
and  phenol.  This  value  is  based  on  a  half-life  in  rats  (1,1-dichloroethene)  and  an 
unreported  species  (phenol)  of  4.5  hours  (ATSDR,  1988b;  Baselt,  1982).  An  uncertainty 
factor  of  10  was  applied  to  the  half-life  of  4.5  hours  to  account  for  the  absence  of  human 
data.  A  half-life  of  266  days  in  humans  was  used  for  dieldrin  (ATSDR,  1989c).  A  half-life 
of  60  days  has  been  reported  for  hexachlorobenzene  in  humans  (Baselt,  1982).  This  half-life 
also  was  assumed  for  all  other  semi-volatile  chlorinated  benzenes  (i.e.,  trichlorobenzene, 
tetrachlorobenzene,  and  pentachlorobenzene).  A  half-life  of  7.5  hours  in  humans  was  used 
for  toluene  (Baselt,  1982),  whereas  a  half-life  of  1.5  hours  in  humans  was  used  for  xylene 
(Baselt,  1982).  For  those  semi-volatile  organics,  for  which  half-life  data  in  humans  or 
mammals  were  not  available,  the  half-life  of  dieldrin  (266  days)  was  used.  The  half-life  of 
dieldrin  is  the  longest  half-life  available  for  the  semi-volatile,  other  than  dioxin.  Since  there 
are  few  organics  that  would  accumulate  in  breast  milk  to  the  extent  of  dioxin,  it  would  be 
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overly  conservative  to  apply  the  half-life  for  dioxins  in  humans  to  all  semi-volatile  organics. 
Thus,  the  next  highest  half-life  (i.e.,  dieldrin)  was  used.  The  half-life  for  1,1-dichloroethene 
of  45  horns  in  humans  was  applied  to  all  volatile  organics  (as  defined  in  Subsection  7.4.2) 
for  which  half-life  data  were  not  available.  This  is  the  longest  half-life  that  is  assumed  for 
the  volatile  organics,  which  are  being  evaluated. 

From  the  available  or  calculated  half-lives,  the  following  rate  constants  (k)  were  calculated: 
acrylonitrile  (2.08E+00  day-1);  benzene  (5.54E+00  day'1);  DDE  (2.89E-03  day'1);  DDT 
(5.77E-03  day'1);  1,1-dichloroethene,  phenol,  and  those  volatile  organics  for  which 
insufficient  half-life  data  were  available  (3.70E-01  day'1);  dieldrin,  and  those  semi-volatile 
organics  for  which  insufficient  half-life  data  were  available  (2.61E-03  day'1); 
trichlorobenzene,  tetrachlorobenzene,  pentachlorobenzene,  and  hexachlorobenzene  (1.15E- 
02  day"1);  toluene  (2.22E+00);  and  xylene  (1.11E+01  day'1).  The  proportion  of  these 
organics  stored  in  body  fat  (fx)  was  assumed  to  be  the  same  as  that  of  dioxin  (0.8). 

Tables  8G-1  through  8G-3  present  pollutant  concentrations  in  breast  milk  for  the  Resident- 
A,  Resident-B,  and  Farmer  scenarios,  respectively. 
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Pollutant  Concentrations  in  Breast  Milk,  Resident-A  Scenario 
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Pollutant  Concentrations  in  Breast  Milk,  Resident-B  Scenario 
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Pollutant  Concentrations  in  Breast  Milk,  Farmer  Scenario 


w 

2 


§ 

> 


ON 


VO 


5*8' 


<D  w 
5  S 
.  j  ro  fo 
I  4-*  4-»  73 
£  <0  C 
—  e  —  o) 
x*-  ^  .x 

CO  4-»  >.N. 

a:  o>  — <  o> 

w  •=  e 

CO 

o 


E  CP  £_  ~ 
H-  O  >» 

u.  p  tfl  +j  in 
(-  «  C  OT3 
CD  (0  (D  v 

o  t-  u_ 


O  /N 

>s 

E  co  co 

3  w  4-i  *D 
E  OCS 
4->  O) 

X  O  .X 


CO  I 


— '  o> 
—  E 
CD  ^ 


notnof\JOv'Ooocsc\j^'OMNj-incoostoO(\Jf\JOin'Ostin^fvjooc\JOvN;fONNLnc\JOO^Nr-MO 

^  ^  ^  ^  q  ^  q  q  ^  q  r*  r—  r-  O  r-  O  r-  f"  f*  t—  t—  r*  r-  r-  t—  r"  ^  r-  w—  O  W  r-  r-  r-  r"  ^  x  ^ 

»-Ov>j:rvSoN-r-ir\oc\JSt-^»-stNf-cvjN'OcafMinooM'OOMSirunNNOC>ini^^oo^^^<r^ 

coK^o^S^^oc\jM>oi^^f0^rnu^Nto^<)C>co^^vo«-0^^roN,i^ro'Of\jo«^srvO'OiAooinio<Niroo 

(MCs>d-ON^-coinN.co^-fOinr\jro^N-Ovrocoo*-T-2sv3'Lnro^*ro^OsOK^W'OCvjr-:^>£^Oj^ogo^jg 

T-0r0r“0«-00»*0»‘r*»-P'00«“00r>t-0*-T**'«"f*<"00«"0Qr-r^»-^Y,7TTTi 

fo^co^^tna'r^roc>'OC\iLnN-N-«-*c>cNJCOfoo(>>«>jl^f\J'or^ors|-oOsrvjvooco^fOOOj£rsJO'rqin^jr- 

oc>^cNjroK^^iriinco>i-cou^^incof^CNJ^oj<rvO'OOvro^co>tinr-»ncocorgroc>x>^is^oN.oiANOro 

_  oj  __  _  . —  (\i  , —  r-  ( —  * —  ^ —  r-  * —  k —  , —  t —  r*  r-  t —  r —  r—  <t—  * —  t —  * —  r-  r*  r-  r-  t-  r-  t —  <\J  r—  r-  r-  O  r*  ^  ^  J” 

oooooooooooooooooooooooooooooooooooooooooooooo 

iLiuiiiimiXliiiitlJmUJUJllJUJUJtJJLUmiJJUJLUliJLLlllJUJlilUJIJUUJLUUJUJLlJUJlLlUJUJIXJLLJUJUJLiJQJ 

COOr-OOOOOOOOCOOCOCOOOCOOO'OCOOCOCOCOCaCOOOOOOO(NJOOCO(\JOOOOCOCOO 

f0stin>tst>^^sr>*^^oj^t\jcvj«<r^rasdrstro^Ntf\jc\jcvjcvj<vi^^j-sa*^**J-'a“ro^sj-c\i^^|st'J,>4-<Niru*<r 

(Mr-rOT-fM^WOOtOO^rOfOnO^WOOfONOrO^PO^NMt-OfOONcnMfOWfVj^^NN.OCVIr- 

luujtLiijiLujiLujiiiujiIjuJLljuJUJtijuJiuujuJUJiiiiiJUJiiJUJUJUJUJiiJUJLiJiu^iwmwt^iuiiJL^iuwiuwiu 
vM\HA>nsnQenN.N»hOsQNOCQ'JtnCp^^fVJr‘sON.>lOfMr-  OxfOr-COLn^prON-N-OOCO^ttA^r^OSgiltOU^ 
O»“C\J'4'in'd,NNr'f0'4,tM»",4,'4,'0O'^OO0>0'P’'0O^lAOir>'0tVJNirjr-0jC\l>0(>sJ(\J(>f0>je0»,j'0 
NN'^lAr’r*^r4>0>OsthO*"in«“rOSO'CO«"lrttM*"»f»“CONCMMf<>(MrO'4,^'OMO'(Msr'4,Sf'4'*"eOO'lA 


fl> 

c  c 
woo 

U  P  p 
—  CP  CP 
zoo 
<  <  <£ 
CO 
cm 

o 


>.  L. 
o  73 
o  — * 


<u 

>< 
x: 
o  cp 
C  73  O 

N  CO  O 
CO  N  M 
c_  C  C 
4-»  CP  CP 
<  CO  CO 


c  o 

CO  < 
u. 

3  O 
v+—  •— 

o  o 

N  N 

c  c 

CP  <U 
CO  CO 


t_  >. 

o  -*  c 

^  cp 

JX  C  JS 

O  fl)  CD  Q. 
O  CP  <0  C£'^ 

— '  C  L.  <u  CLX1 

•P-  CO  4->  N  •—  O 

C-  X  0)  t)  t- 

4->  •  ->  p  l-  0>  o  o 

<D  O  £11 - - 

C  C  E  N  C  O  O  XZ 

o  a>  o  co  o  c — »  o 

M  .r  E  -Q  _Q  ox:  . 

c  a.  o  o  c — »  o <■ 

CP  *•—  t»  <0  CO  JZ  * 
CQlflCOUUOst'J- 


<p 
73 
<p  ■— 
C  X 

o  o 


3  3 

0)  w 


<p  <p 

w  J 
c  c 

<p  (p 
£  JZ  £. 
t-  CL  Q. 
o  o  o 

H—  L  L  LII 
O  O  O  O 
£ - -  — •  Q 

oxr  • 

— '  CJ  CJ  Q. 


CO 

c 

o 


CO  <u 

« s 

4P  N 

V/  c  < 

05  is  c 

O  O  J 
C  l-  4 
CP  o  < 
C  N  — <  ( 

co  c  jz  t 
t_  <p  o  ( 
3  .Q  —  - 
H-  o  O  J 
\ —  O  £-  i  ( 
Q  N  ONt" 

o  c  — >  *C 

CL.S  o'". 


CP 

>  c 

:  co  <p 
»  a  c 
:  o  <p 

»  L-  — 

>  CL  73 

>  O  CO 

.  £_  4-J 

)  o  c 

'  —  CP 

:x  ac 
>oo*— 

- - - -  c_ 

5  Q  O  ^ 

J  C\J  O  <P 


o 

Q.  CP 


CD  0) 
C  u- 
O  UJ 

■q.1- 

05  < 


C  O  CL 

>.  <p  CP  JZ  UJ 
JC  N  *D  O.N-' 
P  c- - - 

CP  CP  H-  >.  0) 

-C  c 

p  D  P  <0 
— /  >.  03  CP  L. 

21  3 
Q.  P»  T3  U. 
O  (1)PPS 
l  E 

CL—  XX,C 
OOPP-'- 

o)  »  a)  a  x 

•—  ro  E  E  o 


u^vf  ao.00  r-«-«-QOQt-OOOOI 


CP 

c 

CP 

^5 

CO 


£8. 

CP  o 

N  — » 

c  o 

CP  CD  >» 

CD  o 
o  o  o 

N  L  L. 

<P  coo 

c  0)  -*  c 

CO  C  D  X  X  •«- 
—  *-  — *  o  Ot- 
XX  £_  >s  CO  CO  TJ 
73  x:  X  X  O 
C  4-*  CP  CP  0) 


a> 

*o 


CP  t- 

73  O 


C  x:  CP 
o  — 1  CJ  c 
—  O  CP 

p  ra  >»  X 
CU  X  X  X 
-»  p  p  p 
CO  CP  CP  CP 


07' 

& 


a 


VO 

rH 

00 


8G-8 


4-Nitrophenol 


VOLUME  n 


APPENDIX  8G 

CITED  REFERENCES 


ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry).  1988a.  Toxicological  Profile 
for  p.p/DDT.  pip /-DDE.  p.p/-DDD.  Draft.  Prepared  by  Clement  Associates. 

ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry).  1988b.  Toxicological  Profile 
for  1.1-Dichloroethene.  Draft.  Prepared  by  Clement  Associates. 

ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry).  1989a.  Toxicological  Profile 
for  2.3.7.8-Tetrachlorodibenzo-p-dioxin.  Prepared  by  Syracuse  Research  Corporation. 
PB89-214522. 

ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry).  1989b.  Toxicological  Profile 
for  Acrylonitrile.  Draft.  Prepared  by  Life  Systems  and  Clement  Associates. 

ATSDR  (Agency  for  Toxic  Substances  and  Disease  Registry).  1989c.  Toxicological  Profile 
for  Aldrin/Dieldrin.  Prepared  by  Dynamac  Corporation. 

Baselt,  R.C.  1982.  Disposition  of  Toxic  Drugs  and  Chemicals  in  Man.  2nd  edition. 
Biomedical  Publications,  Davis,  CA 

Smith,  A  H.  1987.  "Infant  Exposure  Assessment  for  Breast  Milk  Dioxins  and  Furans 
Derived  from  Waste  Incineration  Emissions,"  Risk  Analysis  7(3):347-353. 


815C/a8G 


8G-10 


7/19/91 


VOLUME  II 


APPENDIX  8H 

CARCINOGENIC  RISK  FOR  INDIVIDUALS  UNDER  ALL  SCENARIOS 


815C/A8hJl 


6/24/91 


Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Adult,  Resident-A  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Adult,  Resident-B  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Adult,  Farmer  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Adult,  Worker  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Child,  Resident-A  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Child,  Resident-B  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Child,  Farmer  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Infant,  Resident-A  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Infant,  Resident-B  Scenario 
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Carcinogenic  Risk  Through  all  Routes  of 
Exposure  for  the  Infant,  Farmer  Scenario 
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DERIVATION  OF  SELECTED  ORAL  REFERENCE  DOSES  (Rffis) 


VOLUME  II 


APPENDIX  9A 

DERIVATION  OF  SELECTED  ORAL  REFERENCE  DOSES  (RfDs) 

In  many  instances  it  was  necessary  to  derive  an  oral  RfD  from  existing  toxicity  data. 
Chronic  oral  toxicity  data  were  used,  when  available.  In  the  absence  of  chronic  data 
subchronic  or  acute  oral  toxicity  data  were  used. 

9A.1  Derivation  from  No-Observable-Adverse-Effect  Levels  (NOAELsi 

In  two  cases  (benzene  and  vinyl  chloride)  oral  RfDs  were  calculated  from  NOAELS 
according  to  EPA  guidelines  (EPA,  1989).  The  RfD  for  benzene  was  based  on  a  NOAEL 
of  1  mg/kg/day  from  a  26-week  study  in  rats.  The  toxic  endpoints  manifested  in  the  rats 
were  leucopenia  and  erythrocytopenia  (Wolfe  et  al.,  1956).  To  extrapolate  the  oral  RfD 
from  the  NOAEL,  uncertainty  factors  (UFs)  were  included.  The  total  UF  of  1,000  was 
calculated  by  multiplying  by  10  for  each  of  the  following  categories:  subchronic  to  chronic 
exposure,  animal  to  humans,  and  human  variation.  The  chronic  RfD  was  then  calculated 
by  dividing  the  NOAEL  by  the  UF  of  1,000. 

The  RfD  for  vinyl  chloride  was  based  on  a  three-generational  study  in  rats.  In  this  case,  a 
reported  NOAEL  of  0.13  mg/kg/day  was  established  from  a  lifetime  dietary  study  in  rats, 
in  which  decreased  survival  and  hepatotoxicity  were  the  most  sensitive  toxic  endpoints  (Til 
et.  al.,  1983).  An  uncertainty  factor  of  100  was  applied,  10  for  extrapolating  from  animals 
to  humans,  and  10  for  human  variation. 

9A.2  Derivation  from  Oral  Lethality  Data 

In  the  absence  of  chronic  and  subchronic  toxicity  data,  an  oral  LD50  was  used  to  derive  the 
chronic  oral  RfD.  An  LD50  is  the  dose  that  is  lethal  to  50%  of  the  test  animals.  This 
process  was  used  for  many  chemicals  in  the  report  (see  Table  9A-1).  The  chronic  oral  RfD 
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Table  9A-1 

Chronic  Oral  Reference  Doses  (RfDs)  Derived  from  LD^  Values 


Chemical 

LD50 

(mg/kg) 

Test  Species 

Chronic  Oral  RfD 
(mg/kg/day) 

Aciylonitrile 

27 

mouse 

2.70E-04 

Benzofuran 

500 

mouse 

5.00E-02 

Benzonitrile 

800 

cat,  mouse 

8.00E-03 

Carbazole 

500 

rat 

5.00E-03 

4-Chlorobiphenyl 

2,450 

rat 

2.45E-02 

4,4’-Chlorobiphenyl 

2,330 

rat 

2.33E-02 

1,2-Dichloropropane 

860 

mouse 

8.60E-03 

1,3-Dimethylbenzene 

5,000 

rat 

5.00E-02 

Dimethylphosphate 

8,714 

rat 

8.71E-02 

Methyl  Chloride 

1,800 

rat 

2.50E-03 

4-Nitrophenol 

8,471 

rat 

8.47E-02 

Reference  :  RTECS,  1990 
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was  calculated  by  dividing  the  LD50  by  an  uncertainty  factor  (UF)  of  100,000  in  accordance 
with  the  approach  developed  by  Layton  et.  al.,  (1987). 
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APPENDIX  9B 

DERIVATION  OF  SELECTED  INHALATION  REFERENCE  DOSES  (RfDs) 

An  inhalation  RfD  was  derived  for  only  one  chemical,  lithium,  based  on  toxicity  data. 
Lithium  hydride  was  the  only  form  of  lithium  for  which  inhalation  toxicity  data  were 
available.  Lithium  hydride  is  intensely  irritating  and  corrosive  to  the  skin  and  mucous 
membranes;  its  TLV-TWA  of  0.025  mg/m3  (ACGIH,  1986)  is  based  on  its  irritant 
properties.  However,  concentrations  of  lithium  hydride  ranging  from  0.025  to  0.10  mg/m3, 
associated  with  a  tickling  sensation  in  the  nose  and  a  mild  nasal  discharge,  have  been 
reported  to  be  tolerated  by  workers  continuously  exposed  (Clayton  and  Clayton,  1981). 

Lithium  would  not  be  expected  to  be  present  as  the  hydride  in  stack  emissions  and  there  has 
been  no  evidence  of  industrial  health  hazards  being  associated  with  the  inhalation  of  other 
forms  of  lithium  (Clayton  and  Clayton,  1981).  Therefore,  the  use  of  the  TLV-TWA  for 
lithium  hydride  in  deriving  an  inhalation  RfD  for  lithium  would  be  expected  to  be  overly 
conservative.  However,  in  the  absence  of  inhalation  data  for  other  forms  of  lithium,  the 
upper  limit  of  the  tolerated  range  for  lithium  hydride  (i.e.,  0.10  mg/m3)  was  assumed  to  be 
an  acceptable  exposure  level  for  workers  for  all  other  forms  of  lithium.  Substituting  this 
value  as  the  "TLV-TWA"  in  the  equation  presented  in  Subsection  9.4.4,  Table  9-3,  an 
inhalation  RfD  for  lithium  of  1.0E-04  mg/kg/day  was  derived,  which  would  be  appropriate 
for  the  general  public. 
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